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FOREWORD 

This report, Volume I, is  the  f i r s t  of two volumes reporting work accom- 

plished under Contract NASW-1067 i n i t i a t e d  i n  August 1964. 

The program determined what guidance and control technologies would require 

or  could p r o f i t  from o r b i t a l  t es t ing ,  and defines experiments which f u l f i l l  

these re quirement s . 
This volume summarizes the work performed on t h i s  program and describes 

the procedure by which the  experimental selection was accomplished. Volume I1 

of t h i s  report  contains the descriptions of candidate experiments. 

This program was conducted by personnel of t he  Space and Missile Electronic 

Systems Department of McDonnell Aircraf t  Corporation. The chief contributors 

were: R.P. Bennett, R.E. Butler, F.P. Hercules ,  E.H. Johnson, P.W. Jones, and 

P. Seligsohn. 

Acknowledgment is made of the assistance o f  the  following during %he 

performance of t h i s  study: Prof. R. H. Cannon, Jr. and D r .  D. B. DeBra 

of Stanford University; M r .  N.  S. Johnson and M r .  W. R. Wehrend of the 

NASA Ames Eesearch Center under whose technical supervision the study 

w a s  performed. 
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1. STUDY SUMMARY 

1.1 Introduction - Since the  inauguration of t he  U.S. space program ear ly  i n  

1958 with the successful in jec t ion  of an Explorer s a t e l l i t e  i n to  orb i t ,  advanced 

guidance techniques have been successfully employed i n  various programs such as 

Ranger and Mercury. A t  the  present time, additional sophisticated guidance and 

control techniques a re  i n  various stages of design o r  f l i g h t  t e s t  i n  NASA programs 

such as O W ,  NIMBUS, QAO, Surveyor, Gemini and Apollo as well  as i n  several  mi l i ta ry  

programs. As space operations become more complex, increasing demands a re  made on 

guidance and control equipment and techniques for improved accuracy and r e l i a b i l i t y ,  

smaller s ize  and weight, lower power consumption, and generally improved operational 

and performance character is t ics .  I n  the past ,  these demands on guidance and control 

have been met, i n  par t ,  by drawing on the  broad technulogical base established by 

previous a i r c r a f t  and b a l l i s t i c  missi le  developments. In addition, l imited system 

t e s t i n g  of advanced devices and concepts on early program f l i g h t s  and piggybacking 

t e s t i n g  on a few operational f l i g h t s  has been done. 

each space f l i g h t  t e s t ,  programs have placed heavy emphasis on the  use of ground 

t e s t i n g  and simulations t o  ver i fy  that the designed equipment w i l l  perform as 

expected i n  the  space environment. 

However, because of the  cost  of 

The o r b i t a l  f l i g h t  r e s u l t s  based on extensive ground t e s t s  have not always met 

expectations, i .e . ,  unanticipated problems and f a i l u r e s  have occurred which e i t h e r  

compromised o r  terminated the mission i n  some cases. 

have been a t t r i bu ted  t o  design and procedure errors,  overlooked phenomena, and limit- 

ed knowledge of the  space environment. 

program, hence the  need f o r  extensive ground t e s t  and i n i t i a l  f l i g h t  tests t o  prove 

the  system operation. 

up i n  ground tests because of l imited tes t ing  capabi l i t i es .  

space radiat ion,  multiple space environments, induced environment, ea r th  signature 

These problems and f a i l u r e s  

Design and procedure e r ro r s  may occur in any 

However, many of the  overlooked phenomena simply did not show 

Phenomena such as zero-g, 
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character is t ics ,  and atmospheric a t tenuat ion e f f ec t s  a r e  d i f f i c u l t  if not impossible 

t o  simulate. In addition, only l imited knowledge i s  avai lable  on m y  of these phe- 

nomena so that there  i s  less confidence i n  ground t e s t  resu l t s .  

As a re su l t  of previous o r b i t a l  f l i g h t  f a i l u r e s  and the acknowledged l imi ta t ions  

of ground tes t ing,  there  has developed a natural  reluctance t o  use advanced equipment 

which has not been evaluated by an o r b i t a l  f l i g h t  t e s t  when other proven equipment i s  

available. This reluctance may p e r s i s t  even when the  advanced equipment demonstrates 

superior performance i n  ground t e s t s .  

could effectively s t i f l e  advances i n  guidance and control technology with a resu l tan t  

t o l l  on the overal l  space program. 

t o  meet the demands, primarily because f l i g h t  t e s t s  have been conducted on advanced 

devices and concepts that were needed f o r  each par t icu lar  program. However, as the  

need fo r  improved performance increases, basic design data i s  required especial ly  

on physical phenomena t h a t  e x i s t  only i n  the space e n v i r o m n t .  For example, the  

designer of external sensors which operate against  the ea r th  o r  c e l e s t i a l  bodies 

requires  a detai led def in i t ion  of the t a rge t  signature charac te r i s t ics  t o  design a 

precision instrument. 

ground and space t e s t s .  Similarly, in te rna l  sensors and controls  such as low-g 

accelerometers and gravi ty  gradient devices may best  be tested i n  o rb i t  because 

of the  l imitat ions of ground f a c i l i t i e s  i n  simulating the desired physical phenomena. 

If carr ied t o  the  extreme, t h i s  s i tua t ion  

"he present technological base has been adequate 

The precision instrument can then be subjected t o  both 

Although o rb i t a l  t e s t ing  has been done on a project  basis as w e l l  as piggyback 

basis, a special program has not been establ ished f o r  obtaining the  desired informa- 

t i o n  and for  t e s t ing  devices that a r e  needed f o r  guidance and control technology 

advances. The need fo r  o r b i t a l  t e s t s  is  not so grea t  that a crash program should be 

in i t i a t ed .  

f i can t  advantages. 

However, an orderly, coordinated program would o f f e r  a number of signi-  

2 
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Orbital  tes t  program advantages can be stated i n  terms of exis t ing or  planned major 

space programs and the  development of advanced guidance and control concepts. 

Advantages for  major programs include the economics of making the  experiment test 

objectives applicable t o  a la rge  number of projects and of conducting tests on a 

time scale which w i l l  permit re-design without effecting the schedule of large pro- 

grams. 

o r  eliminate some (or  even one) f l i g h t  f a i l u r e  i n  a la rge  program such as Ranger, 

it would have prwen i t s  usefulness. 

a n  o r b i t a l  t e s t  program would co l lec t  fundamental data on t a rge t  charac te r i s t ics  

and background noise which i s  needed t o  design be t te r  f l ight sensors and ground 

simulators. 

techniques ear ly  i n  the development stage. 

t he  po ten t i a l  usefulness or  pinpoint the deficiencies. 

then be concentrated on promising concepts, thus assuring orderly progress i n  

guidance and control technology f o r  fu ture  mission requirements. 

Using the  above background information as a framework, the present study re- 

If an o r b i t a l  tes t  program could reduce the number of demonstration launches 

Regarding the development of advanced concepts, 

I n  addition, it wcjuld pern i t  t he  evaluation of advanced equipment and 

Such a n  evaluation would demonstrate 

Development e f f o r t  could 

garding the  need f o r  spec i f ic  experiments was undertaken. The objective of t h i s  

s i x  month study program was t o  ( a )  se lec t  the types of spacecraft guidance, navi- 

gation and control systems and components requiring tes t  i n  an ac tua l  o r b i t a l  

environment, (b) specify the  experiments f o r  such devices, and ( c )  determine the  

f e a s i b i l i t y  of multiple experiments and the constraints imposed on and by feasible 

satellite payload configurations and support systems. Early i n  the  program it was 

established that the study (a )  should r e s t r i c t  itself t o  experiments that could be 

performed p r i o r  t o  the  1970 time period, (b) should concentrate on experiments t h a t  

are independent of and not concerned with man's performance, ( c )  should consider 

experiments t h a t  can be designed t o  provide technical design data where prac t ica l ,  

3 



and ( d )  should endeavor t o  use the "piggyback" t e s t  bed approach i n  designing the 

specific experiments. 

The over-all study approach comprised the following steps. A master l i s t  of 

candidate experiments w a s  formulated based upon a broad l i t e r a t u r e  search and an 

extensive survey of the aerospace industry. Promising experiments were selected 

from the master l i s t  based on c r i t e r i a  which encompassed important mission function- 

a l  requirements, guidance and control state-of-the-art ,  and ground t e s t  capabili ty.  

I n  order t o  place p r i o r i t i e s  on the promising experiments and t o  reduce the number 

of experiments t o  a manageable leve l ,  more rigorous selection and sorting c r i t e r i a  

were derived. In essence, the c r i t e r i a  considered urgency of t e s t  data i n  c r i t i c a l  

areas, adequacy of ground tests, and cost  of an adequately designed experiment. 

Technical descriptions were writ ten f o r  the high p r io r i ty  experiments. These experi- 

ments were then evaluated and a commonality analysis performed. This analysis  sought 

t o  combine individual experiments i n to  log ica l  groups t o  share common support equip- 

ment and c a r r i e r  vehicles i n  order t o  minimize cos ts  and expedite experiment imple- 

mentat ion .  

The primary r e s u l t s  of t h i s  study have been (a) delineation of a l i s t  of 

recommended o rb i t a l  experiments, (b)  technical descriptions of the  high p r io r i ty  

experiments, and ( c )  derivation and collection of data which may be used t o  se lec t  

the desirable approach for  conducting the  experiments. In addition, a development 

schedule was provided f o r  each experiment. 

1 .2  Study Results - Early i n  the study, the need f o r  an o r b i t a l  tes t  program 

of guidance and control devices was supported by l i t e r a t u r e  search, technical studies, 

and surveys of the aerospace comunity. Additional strong support f o r  such a program 

was obtained by evaluating the adequacy of ground t e s t i n g  f o r  verifying correct 

equipment operation i n  the space environment. The ground tes t  capabi l i ty  was 

4 
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considered t o  be a c ruc ia l  fac tor  in determining the need f o r  specific o r b i t a l  t e s t s  

and, f o r  proper evaluation, the following questions were posed: 

(1) What are the l imi ta t ions  in  ground simulation? 

( 2 )  mat are the e f f e c t s  of imperfectly simulating the  desired phenomena? 

Regarding question (l), ground t e s t i n g  w a s  found t o  be l imited or  d i f f i c u l t  f o r  

simulations of zero-g, extremely low torques, fine pointing requirements and the  

space radiation and multiple environmental effects. 

knowledge and t e s t ing  complexity, simulators are inadequate i n  duplicating ea r th  

signature charac te r i s t ics  and atmospheric attenuation e f f ec t s .  

In  addition, because of l imited 

The second question can perhaps best  be answered qual i ta t ively by reca l l ing  a 

f e w  of t he  operating problems and f a i l u r e s  which have occurred i n  previous o r b i t a l  

f l i g h t s  and which were a t t r ibu ted ,  i n  part, t o  space environmental conditions. 

Space radiation e f f e c t s  damaged semiconductor devices i n  Explorer XIV and XV, TRAAC, 

T R A N S I T  I V  B and TELESTAR I and caused premature termination of the missions. The 

Mercury f l i g h t s  experienced various multiple environmental e f f e c t s  such as zero-g 

and humidity causing an e l e c t r i c a l  short i n  an autopilot  e lec t ronics  connector, 

temperature ranges and f lu id  behavior in zero-g causing heat t ransfer  problems i n  

power inver te rs  and the astronaut s u i t  coolant loop, e tc .  I n  addition, cold cloud 

e f f e c t s  caused e r ro r s  i n  the  Mercury horizon sensors. While these various f ac to r s  

d id  not cause premature termination of manned missions, they did cause operating 

problems and astronaut discomfort and perhaps may have caused mission termination 

had the  astronaut not been present. 

Canopus t racker  problems and the  NIMBUS power system bearing f a i l u r e  were a t t r ibu ted ,  

i n  pa r t ,  t o  unanticipated environmental conditions. 

above operating problems may be found i n  Table 2-1, Section 2 of t h i s  volume.) 

Other well known incidents such as the Mariner 

(Additional d e t a i l s  of the  

Despite the above c i t ed  l imitations,  it was equally important t o  recognize the 
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advantages of ground simulation techniques and f a c i l i t i e s  i n  selecting experiments. 

Obviously, experiments which could be performed sa t i s f ac to r i ly  i n  these f a c i l i t i e s  

d i d  not s a t i s fy  the inherent in ten t  of the over-all study. 

Using the ground t e s t  capabili ty as a guideline, candidate experiments f o r  

o r b i t a l  test were so l ic i ted  from the aerospace industry. A s  a result of the  indus- 

t r y  surveys, over f i f t y  companies and agencies provided supporting data and candid- 

ate experiments f o r  o r b i t a l  tests. 

l i t e r a t u r e  search. The candidate experiment l i s t  encompassed uncertain o r  known 

problem areas related t o  guidance, navigation, control and sensor devices o r  tech- 

niques in which knowledge could be gained by acquiring o r b i t a l  t es t  data. Over 100 

o r b i t a l  experiments (tabulated i n  Section 3)  were delineated as candidates f o r  such 

tests.  

Additional t e s t s  were suggested as a r e su l t  of 

In order t o  in t e l l i gen t ly  se lec t  the most worthwhile experiments from the 

master l is t ,  it was necessary t o  recognize important navigation, guidance and control 

functional requirements f o r  a wide family of space vehicles and missions. In addi- 

t ion ,  the state-of-the-art  of devices and techniques applicable t o  these functional 

requirements w a s  assessed. I n  essence, these functional requirement and technology 

assessments considered present program and equipment s t a tus  and extrapolated these 

based on industry surveys, l i t e r a t u r e  search and engineering judgment. For example, 

ea r th  loca l  ver t ica l -orb i t  plane vehicle control was considered a prime requirement 

f o r  many missions. For medium t o  synchronous a l t i t u d e  missions, completely passive 

gravi ty  gradient control techniques a r e  presently being explored. These passive 

techniques should a l so  be evaluated f o r  low a l t i t u d e  missions because of the  poten- 

t i a l  f o r  long l i f e  and decreased weight and power compared t o  ac t ive  systems. 

passive techniques might then be used as the  primary system or  as a supplement t o  

extend the operatirg l i f e  of an ac t ive  primary system. A second example i s  provided 

"he 
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by the requirement f o r  precise ear th  loca l  ver t ica l  sensing which may be needed 

either f o r  vehicle control or f o r  an autonomous navigation capabi l i ty .  

sent time, the infrared horizon sensor i s  the most proven concept f o r  sensing 

ver t ica l ;  however, the  precision i s  l imited by lack of def in i t ion  of the  e a r t h ' s  

horizon which limits the sensor accuracy. Orbital t e s t a  a r e  needed t o  be t t e r  de- 

f i n e  the earth-space gradient.  In addition, since the ear th  horizon may not be a 

well  behaved physical phenomena, a l te rna te  sensing methods such as gravi ty  gradient 

sensor techniques should be evaluated f o r  the  ver t ica l  secsing function. 

guidelines regarding guidance and control technology s t a tus  re la t ive  t o  mission 

functional requirements a re  tabulated i n  Section 4. 

A t  the  pre- 

Additional 

From the considerations regarding ground t e s t  capabi l i t i es ,  mission functional 

requirements, and state-of-the-art ,  t h i r t y  experiments were selected from the m s t e r  

l i s t  which were considered t o  be within the scope of t h i s  study and t o  represent 

the major needs f o r  o r b i t a l  t e s t  of guidance, navigation and control devices and 

concepts. The remining  experiments from the  candidate l i s t  were not evaluated 

fu r the r  primarily because, a t  t h i s  t i m e ,  they were not considered as important as 

those selected. A number of the  experiments not  selected might well  become prime 

tests depending on the evaluation and r e s u l t s  of an o r b i t a l  t e s t  program. 

experiments were not selected because they were beyond the  scope of t h i s  study, 

have had extensive o r b i t a l  t es t ing ,  o r  orb i ta l  testing i s  planned. 

Other 

The l i s t  of t h i r t y  experiments (Table 1-1) w a s  subjected t o  the  following 

se lec t ion  c r i t e r i a  t o  es tab l i sh  a primary and secondary c lass i f ica t ion .  

satisfies c r i t e r i o n  i f  answer i s  yes.) 

(Experiment 

a. 

b. 

Are t e s t  r e s u l t s  f o r  the  device or technique required i n  the  near fu ture?  

Is o r b i t a l  t e s t i n g  of the  device required because of the inadequate simu- 

l a t i o n  of space environment or  an unfavorable ground- simulation-to-orbital- 

t e s t  cost  r a t i o ?  

7 



TABLE 1-1 
SELECTED EXPERIMENTS 

EXPERIMENT ORBITAL TEST OBJECTIVE(S) 
CATEGORY A 
1. Electrostat ic Gyro. ................ .-*Determine dr i f t  and suspension system performance. 

3. Gravity Gradient S e n s o r * - - . - - - - - * - . * -  Evaluate performance and obtain design data. 
2. Low-G Accelerometer .............. *-Measure b ias error or zero offset, scale factor and threshold. 

4. Earth Horizon Definit ion ........... .*Determine energy leve l  and stabi l i ty o f  horizon i n  IR and UV spectrum 

5. Horizon Sensor Accuracy ............. Evaluate accuracy of a 14 - 16 micron IR sensor. 
6. Gas Bearing Performance .......... **Determine performance o f  self-generating gas bearings. 
7. Star Characteri st ics ................. Determine spectral energy and noise background of  guide stars used 

1. Gravity Gradient Controls - ......... Evaluate satel l i te 3-axis control performance and obtain design data 

2. Ion Att i tude Sensing ................. Obtain design data md determine accuracy of  ion sensing technique 

3. Gyrocompassing ..................... Evaluate performance using an inert ial  qual i ty gyro platform or strap- 

4. High Rel iab i l i ty  Horizon ........... .*Evaluate performance o f  new design concept and low accuracy (1-5’) 

5. Star Recognition.. .............. ..*.Determine s tm f ie ld  device capabil i ty for automatically identi fying 

6. Small Impulse Devices ............... Determine ign i t ion characterist ics and average impulse size. 

7. Optical Windows cnd Mirrors ......... Evaluate surface degradation caused by meteorite damage, radiati,on 

8. Bearings and Lubricants ............. Evaluate high speed bearing l i f e  and lubricant feed in  zero-g and 

with particular emphasis on 14 - 16 micron IR energy band. 

for stellar navigation systems. 
CATEGORY B 

Passive Damping using passive orientation m d  damping technique at  l ow  alt i tude 
(300 n.m.). 

for obtaining yaw information. 

down system. 

Sen so r horizon sensors. 

guide stars. 

deter ior at ion, etc. I 
I 1. Planet-Moan Vertical Sensor ......... Evaluate design concept and accuracy of  a mult i- function device by 

sensing earth. 
2. Gravity Gradient Controls -. ......... Evaluate active or semi-active demping o f  a gravity gradient oriented 

sate l l i te  at l ow  altitude. 
3. Automatic Landmark Track ing** . . ** . .  Col lect  target signature data o n  selected earth features, demonstrote 

that passive optical tracker can acquire and track unknown landmarks 
and evaluate tracking accuracy. 

4. Microwave Radiometric Local. ..... -.-Evaluate feasibi I ity, obtain design data, ult imately determine accuracy. 

Active Damping 

Vertical Sensor 
5. Cryogenic Gyro. ..................... Determine d r i f t  rate and evaluate system performance. 

7. Densitometers ....................... Evaluate use o f  laser, radio isotope, or X-ray densitometers to  measure 

6. Temperature Rate F l i gh t  ............. Evaluate temperature rote control during re-entry of  a high L/D vehicle. 
Conirol System 

air data parameters i n  a high L/D re-entry vehicle. 

techniques. 
8. Rendezvous Sensors ................. Determine background noise effects and evaluate advanced sensing 

9. Flu id  Systems. ....................... Eva1 uate performance o f  f l u id  pumping techniques. 
10. V,” Sensing ......................... Evaluate tracking performance. 
11. Control Logic  ....................... Evaluate control performance and fue l  usage rate. 
12. Reaction Jets ........................ Demonstrate operation and performance 

I 

13. Extravehicular Control 
14. Possive Control Techniques ......... Obtain design doto old evaluate performance of sensor magnetic and 

15. Space Environmental Tests  .......... Verify adequacy of ground tests; demonstrate operat im of  devices sen- 

.............. Obtain design dataand evaluate operation of  a tethered payload system. 

aerodynamic control techni ques. 

s i t ive to  zero-G, radiat ion or mul t ip le  environmental effects. 
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c. Can an o rb i t a l  experiment be designed t o  y ie ld  useful resu l t s?  

d. W i l l  experimental r e su l t s  help resolve a c r i t i c a l  area? 

e. 

f .  Is the cost, complexity, and r e l i ab i l i t y  of the experiment compatible with 

Is the information e i the r  l imited or not being obtained on another program? 

the need f o r  data? 

Application of t h i s  select ion c r i t e r i a  resulted i n  the placement of f i f t e e n  

experiments in the primary group and f i f t e e n  experiments i n  the secondary group. 

The primary group was fur ther  sub-divided in to  Categories A and B by applying a 

sorting c r i t e r i a  (See Section 4.3) and the secondary group was designated Category 

C. The t h i r t y  selected experiments a re  listed in Table 1-1 according t o  category; 

however, no pr io r i ty  was given t o  experiments i n  each category. 

sought tes t  data f a l l s  i n to  f ive  classifications;  s c i en t i f i c ,  design, design ve r i f i -  

cation, proof and l i f e  tes t ing.  

i s  shown i n  Table 5-1, Section 5.)  

a l l  but two of the experiments; Horizon Sensor Accuracy and Gyrocompassing are 

design ver i f ica t ion  tests. 

The experimentally 

(The type of t e s t  data f o r  the A and B experiments 

Either sc ien t i f ic  o r  design data i s  obtained f o r  

Technical descriptions were writ ten f o r  each of the  Category A and B experi- 

ments defining the desired orb i t  parameters, s tabi l izat ion requirements, experiment 

physical parameters, support equipment functional requirements, data handling 

requirements, a f l i g h t  t es t  plan and a development plan. 

most important of these requirements. 

development "gating" i t e m .  

Table 1-2 summarizes the 

(Note the last column which iden t i f i e s  the 

The gating item i s  defined as being the l imi t ing  fac tor  

in the  overal l  experiment development, i.e., early a t ten t ion  t o  t h i s  i t e m  i s  required 

t o  develop the experiment i n  the estimated time.) Section 5 contains a brief 

summary description of the  selected experiments. 

U s i n g  t he  technical descriptions, the individual experiments were evaluated and 

a commonality analysis  performed f o r  the purpose of considering possible approaches 
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f o r  implementing the experiments. 

have common requirements and tha t  multiple experiment payloads were feasible .  

evaluating multiple experiment payloads, grouping could be based on test duration, 

orbi t ,  orientation, and master a t t i t ude  reference requirements. 

were used in  selecting experiments from Category A and B f o r  the multiple experiment 

payloads shown i n  Table 1-3. 

must a l so  be considered carefully i n  evaluating how the experiment can best be im- 

plemented. Finally, the mechanical interface,  i.e., size,  weight, mounting, field- 

of-view, etc., between experiment and ca r r i e r  vehicle i s  extremely important f o r  most 

of the sensor experiments which require large f ie lds  of view or  control of the 

car r ie r .  

found i n  Section 6. 

Since the selection of the test  bed or payload car r ie r  approach i s  a major 

It w a s  found that a number of the experiments did 

In 

These requirements 

The s tab i l iza t ion  and e l ec t r i ca l  power requirements 

Additional d e t a i l s  on experiment commonality and implementation may be 

consideration i n  conducting an orb i t a l  test program and in detai led experiment de- 

sign, a preliminary evaluation of possible approaches f o r  conducting experiments 

was made. The approaches considered were t o :  

a. Perform single experiments on existing o r  planned vehicles on e i the r  a 

non-interferenee or a p r io r i ty  basis. 

Perform multiple experiments on a piggyback integrated payload launched 

on a vehicle such as Saturn I B  or V. 

Perform multiple experiments on an integrated payload launched by a special  

vehicle such as a mor-Delta. 

b. 

c. 

The first two approaches are preferred, based on cost and e a r l i e r  implementa- 

t ion.  

ex is t ing  vehicles, the single experiment approach (a )  could not be f u l l y  evaluated. 

Because of the  uncertainty regarding available space and support on planned or  

11 



TABLE 1-3 

MULTIPLE EXPERIMENT GROUPS 
GROUP I 

Mission Constraints - One week duration; 110 n.m. altitude, near circular, 30' incl ination 

Master Att i tude Reference - Sun Sensors md Gyrocompass (30 Ib., 1.0 ft. ). 
orbit; earth-orbit plane orientation. 

3 

EXPERIMENTS (CATEGORY) 

Gas Bearing Performance (A) 
Ion Att i tude Sensing (B) 
Gyrocompassing (B) 

Low-G Accelerometer (A) 

Totals 

LB. FT.3 
36 1.2 
23 0.3 
24 0.4 
21 0.5 

104 2.4 

GROUP I I  
Mission Constraints - One month duration; 300 n.m. altitude, near circular, near polar orbit; 

eorth-orbit plane and inert ial-orbit  plane orientation. 
Moster Attitude References - Gimballed Star Tracker, Sun Sensor, Horizon Sensor (bOlb., 2.0 ft. 3 ). 

35 

35 
21 

E XP E RI M ENT S (CAT EGORY) 
Electrostat ic Gyro (A) 
Low-G Accelerometer (A) 
H or i zon Sen so r Accuracy (A) 
Star Charocteri st ics (A) 
Gravity Gradient Controls 

Passive Damping (B) 
Star Recognition (B) 
Gyrocanpassing (B) 

1.2 

0.8 
0.5 

Total s 

54 0.7 
32 1.0 

233 I 5.8 

The last  approach ( c )  may be desirable i f  a coordinated l a rge  scale o r b i t a l  tes t  

program, including other technologies besides guidance and control, i s  undertaken. 

With t h i s  approach many experiments can be performed simultaneously while sharing 

many of t h e  basic systems (i.e., master reference, t i m e  reference, data handling). 

It has an advantage 

over approach ( a )  i n  t h a t  some of the  basic experiment support systems such as the  

master a t t i tude  reference can be shared by several experiments. I n  addition, the  

cost  per  experiment i s  presumably less  than the  special  vehicle approach assuming 

the  launch vehicle cost  i s  not charged t o  the  experimental program. 

The second approach i s  a compromise between (a) and ( c ) .  

12 



Any piggyback approach has the problems associated with ca r r i e r  vehicle integra- 

t i o n  and possible interference with the  primary mission. Finally,  the desired tes t  

conditions (orb i t  parameters, e tc . )  are less l ikely t o  be achieved w i t h  a piggyback 

than with a special  vehicle. 

1.3 Conclusions - Orbital tes ts  are required t o  properly evaluate cer ta in  

guidance, control and navigation devices and techniques. In addition, o r b i t a l  

tests are needed t o  ver i fy  the adequacy of ground tes t  simulation and t o  obtain 

design data f o r  improved ground simulators. 

Present ground t e s t ing  f a c i l i t i e s  are limited o r  inadequate f o r  simulations of 

ear th  signature character is t ics ,  atmospheric attenuation e f fec ts ,  space radiation, 

multiple environments, and zero-g. 

s ignif icant  improvements are not foreseen unt i l  data is obtained from o rb i t  on 

ea r th  signature and atmospheric effects .  Radiation and multiple environment simu- 

l a t ions  are expected t o  remain d i f f icu l t  because of the many variables involved 

while no solution i s  anticipated f o r  the problem of simulating long term zero-g. 

Although f a c i l i t y  improvements are  possible, 

The specif ic  experiments recommended for o rb i t a l  t e s t  were selected primarily 

on the  basis of technological need. However, test simplicity was a secondary goal 

and, as a r e su l t ,  component rather than system oriented experiments were defined. 

Each experiment was described assuming it was t o  be conducted i n  a piggyback 

fashion without mnned par t ic ipat ion.  Even with these assumptions, several methods. 

of conducting each o rb i t a l  tes t  were usually s t i l l  pract ical .  A single tes t  method 

w a s  selected so tha t  typ ica l  vehicle constraints could be defined. Where possible, 

t he  t e s t  method was selected t o  achieve reasonable accuracy goals while using 

state-of-the-art  measurement instrumentation and keeping the experiment as simple as 

possible.  

external  sensors f o r  viewing the ear th  or ce les t ia l  bodies. 

Many of the  experiments are necessarily qui te  complex since they involve 

While t h i s  complexity 



may r e s t r i c t  the number of opportunities t o  conduct the t e s t s  i n  a piggyback fashion, 

nevertheless if given p r io r i ty  s ta tus ,  a number of these experiments could be con- 

ducted on programs such as OAO, AOSO, Nimbus and Apollo. 

For each of the  recommended experiments, however, a l t e rna te  tes t  methods might 

serve t o  (1) es tab l i sh  l e s s  complex experiments t ha t  could more eas i ly  be conducted 

piggyback or  (2)  obtain additional o r b i t a l  data e i the r  of improved accuracy, on 

other parameters o r  over a longer duration. 

desirable from the viewpoint of implementation and cost, care must be exercised t o  

insure that the o rb i t a l  r e s u l t s  are not compromised t o  an extent where the tes t  i s  

of l i t t l e  value. Certain experiments which involve complex equipment sequencing or  

star tracking could be simplified by using a man f o r  the sequencing and star identi-  

f i c a t i o n  functions. Additional simplification could be achieved by monitoring 

fewer parameters or using less accurate measurement instrumentation. However, the 

l a t t e r  simplifications usually imply tes t  results of decreased value f o r  the  experi- 

ments. Thus, as always, there i s  a compromise between tes t  simplicity and data 

interpretation. 

While simple experiments a re  always 

A s  a result of evaluating the experiment technical descriptions, conducting 

commonality analyses, and performing preliminary implementation studies, the follow- 

ing were concluded: 

a. Orbital t e s t s  can be designed f o r  t he  f i f t e e n  A and B experiments. 

However, experiments that involve the col lect ion of design da ta  often 

require complex equipment and operating procedures. For example, 

Gravity Gradient Sensor, Earth Horizon Definition, and Horizon Sensor 

Accuracy t e s t s  require equipment and procedures similar t o  that required 

f o r  an autonomous navigation system t e s t .  

the goal of maintaining simple tes t  procedures by conducting component- 

oriented rather than system-oriented experiments. 

This  complexity resulted despi te  
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b. 

C.  

d. 

f .  

g* 

m e  experiments a re  sensor rather than controls oriented, i .e. ,  only two 

of the f i f teen  experiments involve vehicle controls. 

primarily a t t r ibuted t o  the f ac t  t ha t  additional data i s  needed on ta rge t  

signatures, background noise, and environmental e f f ec t s  i n  order t o  design 

improved sensors. 

A master attitude measurement reference (star tracker,  horizon sensor, 

e tc . )  i s  required f o r  ten  of the f i f t een  experiments. 

i s  preferred f o r  seven experiments. 

Vehicle s tab i l iza t ion  i s  required f o r  the majority of the experiments t o  

permit proper sensor operation and t o  prevent undesirable coupling of 

vehicle motion in to  the experimental data. Four experiments desire  that 

r a t e s  be 0.05 degrees per second or l e s s  with the  Low-G Accelerometer 

having the most stringent requirements. On two experiments s tab i l iza t ion  

i s  not c r i t i c a l  and nine experiments can be conducted with vehicle control 

of 2 0.1 degrees per sec and 2 1 degree i n  rate and a t t i t ude  respectively. 

Although specif ic  orb i t  parameters a r e  preferred by the majority of the 

experiments, all f i f t e e n  tests can be conducted i n  a 300 n.m. a l t i tude ,  

near c i rcular ,  near polar orb i t .  However, such an orbi t  i s  not optimum 

f o r  all the  experiments. 

prefers  the above eccentr ic i ty  and inclination but prefers a 150 o r  200 

n.m. a l t i t ude .  

No major problems are  anticipated i n  meeting the data handling requirements 

of single o r  multiple experiments. 

exis t ing equipment and techniques w i l l  meet the o rb i t a l  and ground require- 

ments. Time correlation between the experiment data and vehicle house- 

keeping data i s  required by eleven of the f i f t e e n  experiments. 

This r e su l t  i s  

A star tracker 

For example, the Earth Horizon Definition t e s t  

In the majority of experiments, 

A l l  but one 
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experiment requires one percent 

require o r b i t a l  data storage. 

o r  be t t e r  accuracy and ten  experiments 

Electrical  power requirements represent a major consideration, especially 

for  long duration experiments. 

Electrostatic Gyro i s  estimated conservatively t o  require 6800 watt-hours. 

However, if multiple experiments a r e  conducted on a single payload, 

many of the  tests can be performed sequentially t o  minimize the peak 

power requirements. 

Man can make a significant contribution toward experiment simplification 

by performing simple tes t  set-ups and sequencing tasks  such as t a rge t  

recognition and acquisit ion f o r  star trackers and horizon sensors, 

equipment tu rn  on and off ,  and re-programming phases of a tes t .  In 

addition, a manned vehicle o f f e r s  the poss ib i l i t y  of returning the  tes t  

data and pa r t  of the experiment equipment f o r  detai led examination. 

Category C contains many useful experiments but addi t ional  development 

and study a r e  required t o  design o r b i t a l  tests. 

Landmark Tracking t e s t s  a r e  needed but additional data on t a rge t  charac- 

t e r i s t i c s  and work on sensor development are required. Similarly, aero- 

dynamic and so lar  pressure passive control techniques are considered 

important but are strongly dependent on vehicle design. 

Potential problem areas i n  implementing the  A and B experiments include: 

(1) overall complexity f o r  several. Category A experiments including t e s t  

methods and vehicle s t ab i l i za t ion  requirements, (2)  e l e c t r i c a l  power 

requirements f o r  long duration tests, and (3)  vehicle mounting f o r  f i e ld -  

of -view or  clearance requirements. Possible solutions t o  reduce complexity 

involve defining a l t e rna te  t es t  procedures which may compromise the tes t  

resu l t s  o r  which may use man. 

For example, a one month tes t  of the 

For example, Automatic 



1. Multiple experiment payloads are feasible when commonality groupings are 

&e according t o  orbi t ,  orientation, time duration, and master a t t i t ude  

reference requirements. 

also influence the groupings. In addition, experiment development time 

and the t e s t  bed approach are important factors .  Development time var ies  

between 12 - 17 months and 6 - 12 months f o r  A and B experiments respect- 

ively. 

Stabil ization and e l ec t r i ca l  power considerations 

1.4 Recommendations - In view of the study conclusions that the Category A 

and B experiments are desirable f o r  orb i ta l  t es t ,  it i s  recommended that the majority 

of these experiments be carried out. 

aadi t ionai  quantitative data is  required t o  define an o rb i t a l  test program which 

would advance the state-of-the-art  in  o rb i t a l  guidance and control technology. The 

following s teps  should be taken i n  order t o  rigorously define the best approach t o  

the  t e s t ing  program: 

In order t o  implement these experiments, 

a. A study should be implemented t o  select  the test bed o r  ca r r i e r  vehicle 

approach t o  be used in  an o rb i t a l  t e s t  program assuming the f i f t e e n  

Category A and B experiments (and possibly others) are t o  be conducted. 

The ca r r i e r  vehicle strongly influences the experiment test method and i n  

many cases, fur ther  experiment definit ion i s  meaningless u n t i l  a ca r r i e r  

vehicle is  selected. The single and multiple experiment piggyback approach- 

es as w e l l  as the special  vehicle approach should be evaluated. Strong 

candidates f o r  the piggyback approaches include Saturn I B  and V, Apollo 

and the Space Stations. 

schedule, o rb i t ,  available space and available support systems. The study 

should include an evaluation of the  trade-offs i n  using man or  manned 

vehicles f o r  experiment implementation as w e l l  as the means of achieving 

the desired controlled environment. Study recommendations m i g h t  result 

Factors which should be considered include cost, 



in  a single approach or combinations of the above approaches being selected. 

Preliminary data should be provided on carrier/experiment integration, 

coot trade-offs, and possible single and multiple experiment packages. 

U s i n g  the results of the  c a r r i e r  vehicle study, detai led experiment speci- 

f ica t ions  should be prepared f o r  the  majority of Category A and B experi- 

ments  using the  technical descriptions prepared i n  the  present study as a 

baseline. The specifications should include technical descriptions and 

t e s t  methods based on a de ta i led  analysis of each experiment t o  be con- 

ducted on the selected c a r r i e r  vehicle. These specifications would be used 

t o  obtain cost and delivery data and t o  recornend spec i f ic  hardware f o r  the  

experiments. 

conduct cost  trade-off studies and t o  define a comprehensive development 

b. 

This da ta  along with c a r r i e r  vehicle data  is  then used t o  

plan. 

c. Using the  selected c a r r i e r  vehicle approach and a selected experiment con- 

figuration, a de ta i led  e r ro r  analysis f o r  the  experiment should be conduct- 

ed. This analysis should be made both f o r  the  o r b i t a l  approach and f o r  an 

approach using ground tes t  data, so t h a t  a comparison can be made t o  evalu- 

a t e  the probability of W f i l l i n g  mission requirements within the limits of 

experiment cost. 

d. Cost trade-off studies should be conducted considering the  c a r r i e r  vehicles, 

experiments, and multiple experiment integration. The trade-offs should 

explore the a b i l i t y  t o  re lax experiment requirements t o  minimize cost  

using the  state-of-the-art  of tes t  hardware and should provide an indication 

of when experiments should not be conducted because of ground test  capabil- 

i t y .  This study and the previous s tud ies  should provide data  f o r  defining 

a comprehensive development plan which includes design, procurement, t e a t ,  

integration, schedules and PERT diagrams. 

18 



The following two recommendations are intended t o  supplement the work perfomed 

under t h i s  study as w e l l  as any succeeding program de f in i t i on  studies and t o  bprove 

the  ground t e s t ing  capabi l i ty  regarding navigation sensors. 

a. The o r b i t a l  experiments should be updated per iodical ly  t o  accomodate 

changes in technology requirements, new developments and advanced concepts, 

and t o  incorporate the  results of orb i ta l  tests. This act ion would mini- 

mize duplication i n  o r b i t a l  tests by incorporating the r e s u l t s  of similar 

experiments conducted or  planned on other programs and would assure orderly 

progress in space guidance and control state-of-the-art .  

b. Ground simulator design studies should be in i t i a t ed .  These s tudies  would 

incorporate f l i g h t  test data on ear th  signature charac te r i s t ics  t o  design 

standardized simulators f o r  the ear th  and atmosphere i n  selected spectral  

bands. The in ten t  of these studies and design e f f o r t  i s  t o  provide the 

capabi l i ty  of designin& and t e s t ing  improved sensors. 



2.  GROUND TEST CAPABfLITY 

2.1  General - The inab i l i t y  t o  adequately simulate t h e  space environment i s  

the primary f ac to r  i n  determining the need f o r  o r b i t a l  testing. 

of confidence i s  established i n  a device, technique o r  concept by evaluating i t s  

performance with ac tua l  environmental conditions. Several advantages are gained 

when it i s  possible t o  adequately simulate the  expected environments on the  ground. 

Ground tests o f fe r  f l e x i b i l i t y  i n  addition t o  the generally lower cost. 

goal of 

not only when operating properly but a l s o  i n  fa i lure  modes. 

ground t e s t i n g  readi ly  permits the  experimenter t o :  

and environment i f  the  results are not as expected; (b) visual ly  examine the  

device or  provide additional instrumentation based upon the  results obtained; and 

( c )  change parameters of i n t e re s t .  

knowledge of t h e  environment and t a rge t  charac te r i s t ics  (such as the  ea r th  as seen 

by a horizon sensor) or  the inab i l i t y  t o  provide adequate simulation (such as near 

The highest l eve l  

The 

nearly all t e s t i n g  i s  t o  determine device p e r f o r m c e  charac te r i s t ics ,  

To t h i s  end, 

( a )  change the tes t  method 

Ground testing i s  l imited by t h e  lack of 

zero-g conditions f o r  extended periods). Orbital testing should be l imited t o  

those techniques and devices affected by environmental conditions which cannot be 

adequately simulated i n  ground based f a c i l i t i e s .  

S p c e  environments o r  environmental conditions which presently cannot be 

adequately simulated include zero-g, ear th  and star signature charac te r i s t ics ,  

ea r th  atmospheric signal attenuation, and combinations of environments. 

In assessing the  ground tes t  capabi l i t i es  r e l a t ive  t o  these environmental 

conditions, a fundamental question arises regarding the e f f e c t s  of not perfectly 

simulating the  desired conditions. 

answer quantitatively,  insight can be gained by reca l l ing  some of the  problems 

encountered i n  previous o r b i t a l  f l i gh t s .  

While t h i s  question i s  extremely d i f f i c u l t  t o  

Table 2-1 summarizes a f e w  of t he  better 
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TABLE 2-1 

OPERATING PROBLEMS CAUSED BY SPACE ENVIRONMENT 

22 

I 

Unknown - Poss- 

- 

Earth Signature I Mercury ICold clouds caused error 1 Caused error i n  alignment of att i tude 

being used. 

Nimbus Freeze in solar orienta- Power system fai lure caused premature 

I l i n  horizon sensor signal. I gyros and resulted i n  att i tude control fuel 

bly combined - 
pres sure temp., 
dust, etc. 

Zero-g induced 
particles 

Radiation 

- 
Zero-g, humidity 

Zero-g, dust 

Contaminants 

t ion  drive system. shortening of operating l i fe. 

Mariner Solar ref lect ion from in- Required modif icat ion of star tracker 
duced part icles caused 
loss of canopus track. 

operational procedure. Att i tude control 
fuel used i n  re-acquiring. 

Explorer, Semiconductors degraded Solar ce l l  and other semiconductor fa i l -  
TRAAC, 
TRANSIT, pated. 
TELESTAR 

Mercury 

more rapidly than ant ic i -  ures reduced operating I i fe signif icantly. 

Moisture accumulated on 
electr ical  connectors, of autopi lot electronics. 
causing short. 

Short i n  connector pins disabled a portion 

Mercury Astronaut suit  fan Astronaut discomfort. 
clogged w i th  dust. 

Mercury Reaction jets clogged. Excess fuel usage foreshortened at  least 
one unmanned mission. 

Mercury Temperature, 
pressure, 
Z er 0-g 

Heat transfer predicta- 
ab i l i t y  caused several 
inverter and suit  prob- 
lems. 

Power inverter fa i lure due t o  overheating. 
Unpredicted behavior of f lu ids i n  Zero-g 
and wide temperature dynamic range 
effected su i t  cool ing loop and caused 

Unknown - 
Possibly 
combined 

Unknown - 
poss i b ly  
combined 

astronaut discomfort. 

The f i r s t  6 f l ights were compromised to  
some degree e.g., on Ranger 11, Agena 2nc 
burn did not occur probably because ro l l  
gyro was inoperative thus deplet ing a t t i -  
tude control fuel. On f l igh t  VI, e lectr ical  
arc ing during launch damaged TV system 
which had been energized by  fa lse signal. 

Hor izon sensor view o f  earth obscured by 
booms. A s  a result,  OGO I could not be 
earth oriented and it remains spin sta- 
b i l i zed  at 5 RPM. 

Ranger A variety of problems 
such as ro l l  gyro inopera- 
tive, TV system failure, 
etc. 

OGO 2 experiment booms did 
not deploy properly on 
OGO I. 



known operating problems or  f a i l u r e s  which were at t r ibuted,  i n  par t ,  t o  environment- 

a l  conditions. 

effected.  

trade journals.)  

both l imited knowledge and imperfect simulation tes t ing .  

i s  avai lable  but simulation i s  s t i l l  d i f f i c u l t ,  the  equipment or  system designer 

may minimize o r  circumvent the  problem as has been the  case f o r  most of the  problems 

i n  Table 2-1. 

test i n  the  o r b i t a l  environment i s  st i l l  required. For example, while the  system 

designer might prefer  t o  use an edge tracking horizon sensor ra ther  than a conical 

scan uni t  i n  order t o  minimize the cold cloud problem, he would l i k e  t o  ver i fy  that 

the  edge t racker  w i l l  perform as required before compromising an e n t i r e  mission. 

The table a l s o  shows qual i ta t ively how the  mission operations were 

(The data shown was abstracted from program summary reports  and various 

Additional problems of a similar nature have occurred because of 

In cases where knowledge 

However, where equipment operation i s  c r i t i c a l  t o  mission success, 

The following paragraphs discuss the actual space environment and the  ground 

simulation capab i l i t i e s  i n  terms of the  vacuum, thermal, radiation, zero-g and 

combined environments as well as ta rge t  signature charac te r i s t ics .  

2.2 Vacuum - With increasing a l t i t ude  from the  earth,  the  pressure encountered 

by an orb i t ing  vehicle approaches the  pressure of the  so l a r  system of approximately 

mm Hg ( t o r r )  due t o  pa r t i c l e  density. 

Figure 2-1 i s  a p lo t  of gas pressure as a function of the distance f romthe  

e a r t h ' s  surface. 

e l e c t r i c a l  e f f e c t s  a r e  indicated. A discussion of these regions i s  contained i n  

the  following paragraphs. 

In the  f igure,  nominal pressure ranges and various physical and 

a. A vacuum i n  the pressure range of 10 t o  10-1 t o r r  i s  suf f ic ien t  f o r  

t e s t i n g  gross e f f e c t s j  i .e . ,  s t ructural  e f f e c t s  and leakage rate. 

b. A t  about 10-3 t o r r  aerodynamic damping becomes insignif icant .  Below 

t h i s  pressure, systems such as direct ional  antennas o r  op t ics  could be 
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C. 

d. 

e. 

excited t o  pers is tent  vibration by impulses from reaction motors or  other 

drives (Reference 1). 

Between t o r r  and to r r ,  convection becomes insignificant.  This 

d i r ec t ly  a f fec ts  the design of e lec t r ica l  equipment where heat loads must 

be dissipated. 

i n  t h i s  pressure range. 

mss loss through evaporation and sublimation begins at a pressure of 

Elec t r ica l  corona discharge and arcing may a l so  occur 

t o r r  t o  to r r .  The mass l o s s  may be a cause of many problems 

such as loss of lubrication, changes i n  surface properties and degradation 

of equipment. 

A t  pressures of 

Matter evaporating or  sublimating from warmer areas of the satellite may 

condense on colder areas. Condensation of organic materials on contacts 

or  metall ic materials on insulators  my produce e l e c t r i c a l  malfunctions 

(Reference 1). 

t o r r  and lower, many combined e f f ec t s  may occur. 

Space a c t s  l i k e  a seemingly in f in i t e  sink f o r  pa r t i c l e s  outgassed by a satel- 

l i t e ;  that is, when gas molecules leave t h e  sa t e l l i t e ,  they do not i n  general 

re turn  t o  it. In  a simulation chamber the gas pa r t i c l e s  are  l i ke ly  t o  be re- 

f lec ted  from the  chamber walls and return t o  the s a t e l l i t e .  This problem of 

simulation is  m e t  by providing a cryogenically cooled surface on which t o  condense 

the  escaping molecules. The use of l iqu id  helium or gaseous helium below 20°K as 

the coolant w i l l  cause condensation of most of the  gases from the system with the 

exception of helium. 

The pressures needed for  most of the ranges previously discussed a re  readily 

obtained today. 

p l a t e  shroud has an ultimate pressure of 1 x 

For example, a 30 foot space chamber with no gas load and a cold- 

t o r r  a f t e r  twenty-six hours of 
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pumping. 

t he  maximum allowable cabin leakage of the  Gemini spacecraft) the  chamber pressure 

With a gas load of 17.1 t o r r  l i t / s e c .  of nitrogen (a gas load 2.5 times 

reaches 1 x loe4 t o r r  a f t e r  three hours and has an ultimate pressure of 5 x 10- 5 

t o r r  with l i qu id  nitrogen cold shroud coolant. 

of three mechanical pumps and seven 32 inch diffusion pumps. The l iqu id  nitrogen 

cooled shroud a c t s  as a cryopump. 

This chamber i s  pumped by a system 

Pressures on the orde? of t o r r  t o  

smaller chambers using super cooled l i qu id  nitrogen and ion o r  titanium sublima- 

t i o n  pumps. These pressures can be used f o r  t e s t ing  lubr icants  exposed t o  space 

and f o r  evaluation of cold welding ef fec ts .  

t o r r  m y  be obtained i n  much 

2.3 Thermal - Except f o r  the sun, the  average thermal radiation i n  space 

has a power density approximately the same as a black body rad ia tor  a t  a tempera- 

t u r e  of 3OK. 

o r b i t a l  distance from the sun, the  incident power density due t o  so la r  radiat ion i s  

about 1400 w a t t s / m 2  and a spec t ra l  d i s t r ibu t ion  equivalent t o  a 6000 K black body 

(Reference 2 ) .  Ninety-eight percent of the  energy i n  the  so la r  spectrum l i e s  

between the wave lengths of 0.3 microns and 4.0 microns with 1 percent of the  

energy lying beyond each of these limits (Reference 3).  

so la r  x-rays w i l l  be less  than 1 percent of t he  t o t a l  so la r  power delivered a t  the 

e a r t h ' s  orbit. Because of the distance from the  ea r th  t o  the  sun, the  solar radi- 

a t ion  tha t  a r r ives  at the ea r th  i s  e s sen t i a l ly  i n  a parallel beam (collimated). 

Space has an unlimited apparent heat capacity. A t  the  e a r t h ' s  

0 

The power contributed by 

The electromagnetic radiation from a planet (o r  moon) t o  a sa te l l i t e  i s  the  

resultant of reflected solar radiat ion o r  albedo and t h e  planets  self-radiation o r  

emission. The e a r t h ' s  albedo represents about 35 percent of t he  so la r  energy 

impinging on the  earth.  

cent t o  93 percent (Reference 4 ) .  

Albedo f o r  other planets and the  moon range from 5.6 per- 

When a s a t e l l i t e  i s  between the  sun and a 



planet, it receives the f u l l  radiant power of the sun on one side and on t he  other 

side receives the planetary albedo and emission. When the planet i s  between the 

sun and the s a t e l l i t e ,  the side nearest the planet receives the thermal emission 

from the  planet while i t s  other side radiates  t o  the heat sink of space. 

The character is t ics  of importance t o  be considered i n  the design of a solar 

simulator a re  discussed below. 

a. 

be 

C. 

d. 

e. 

Collimation - The nominal beam collimation angle should be 2'. 

apparent s ize  of the sun simulator should not vary by more than 0.25' 

with position. 

Intensi ty  - The collimated beam f lux  density should be continuously 

variable from 5 w a t t s / m 2  t o  25 watts/$. 

S tab i l i t y  - The radiant f lux  density of the beam should not vary from 

the set value by more than + - 5 percent. 

Uniformity - The radiant f lux density of the collimated beam should not 

vary spa t ia l ly  i n  the t e s t  volume from the mean set value by more than 10 

percent based on a one square inch sensor. 

Spectrum - The spectral  range of t he  radiant f lux i n  the collimated beam 

should be from 0.25 microns t o  3.0 microns. The spectral  deviations are 

judged by comparison t o  the Johnson zero air mass curve i n  0.1 micron 

intervals .  

The 

There are many types of solar simulators and the type used w i l l  depend upon 

the type of t e s t ing  desired. For tes t ing  a complete s a t e l l i t e ,  there a re  no 

st r ingent  conditions on the quali ty of t h e  collimated beam but the s ize  of the 

beam i s  c r i t i c a l .  For tes t ing  sensors or solar ce l l s ,  the  beam intensi ty  and 

spectrum is  c r i t i c a l  while the s ize  of the beam i s  not. 

and qual i ty  of the beam must be made t o  provide effect ive simulation. 

A compromise between size 
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The re f lec t ion  of solar energy from a planet can usually be simulated t o  the  

extent needed fo r  t he rm1  tests by using a re f lec t ing  surface of proper physical 

dimensions and r e f l e c t i v i t y  i n  conjunction with a so lar  simulator. 

l e m  i s  the gimbaling system required t o  produce proper or ien ta t ions  between the  

planet simulator and the  spacecraft under test .  The problems of planet thermal 

simulation are i n  general procedural and do not involve technical f e a s i b i l i t y .  

Careful. consideration must be given t o  t h e  degree of so la r  and planet simulation 

required with respect t o  the  sa te l l i t e  intended mission. 

e x i s t s  f o r  adequate simulation of most problems t h a t  arise. 

l e m s  usually require d i f fe ren t  degrees and types of so la r  and planetary simulation. 

A major prob- 

Technical a b i l i t y  

The d i f f e ren t  prob- 

The simulation of the  nearly i n f i n i t e  space heat sink requires the use of 

chamber cold walls o r  shrouds similar t o  those used i n  high vacuum chambers. 

effectiveness of the simulation i s  a function of the  temperature and the cooling 

capacity of the cold wall. 

suf f ic ien t  t o  carry the heat load of the  satell i te,  t he  degree of simulation i s  

then a function of the temperature of t he  cold w a l l .  Use of a temperature of 

100°K rather than the  3OK background of space introduces an e r r o r  of only 1°K i n  a 

typ ica l  s a t e l l i t e  steady state thermal tes t .  

The 

I f  the cooling capacity of the  cold w a l l  shroud i s  

2.4 Radiation - Data from space probes indicate a complex flux of radiat ion 

and particles surrounding and streaming toward the ea r th  from the  sun and 

ga lac t i c  space. 

ident i f ied  including the electrons and protons trapped i n  the e a r t h ' s  magnetosphere 

(Van A l l e n  Belts) .  

i s  composed largely of cosmic rays and t h e  Van Allen radiation. 

Most of the types of radiat ion and t h e  gross values have been 

The penetrating radiat ion which present satellites must endure 

Cosmic r a y s  consist of an i so t ropic  f l u x  of high energy pa r t i c l e s .  The energy 

The f lux  of these par t ic les  var ies  from under 107 electron v o l t s  (ev) t o  10l8 ev. 
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of par t ic les  with energy greater  than 10l8 ev i s  between 5 and 10 particles/cm2-sec 

(Reference 2). 

number being mostly alpha par t ic les  (2 protons and 2 neutrons) and 1 or  2 percent 

of heavier nuclei  (Reference 5 )  

The par t i c l e s  are about 85 percent protons with the remaining 

The trapped radiation leve ls  of Figure 2-2 are the  true counting rates of an 

Anton 302 Geiger tube carried by Explorer I V  and Pioneer I11 (Reference 6 ) .  The 

INTENSITY STRUCTURE OF TRAPPED RADIATION AROUND THE EARTH 

Geomagnetic Axis 

N 

RE = 6371 K m  

(radius earth) 

FIGURE 2-2 
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information on these radiation b e l t s  i s  not complete. 

present estimates of the radiation tha t  an orbit ing vehicle w i l l  encounter a t  

a l t i t udes  grea te r  than 250 miles. 

Table 2-2 and Table 2-3 

The energies of the least energetic cosmic rays (around 10 7 ev) and the  

trapped radiation a r e  producible i n  the  laboratory f o r  t e s t ing  e l e c t r i c a l  compon- 

e n t s  and surface e f f e c t s  due t o  ionization; however, it i s  not feas ib le  t o  simulate 

the  radiation portion of the  space environment f o r  t e s t ing  a complete spacecraft. 

Sa t e l l i t e  systems and components are generally affected by the  space radia- 

t i o n  through one or more of t h e  following mechanisms: 

a. 

b. 

c.  

Ionization or  exci ta t ion of the  molecules making up the  material. 

Dislocation of the c rys t a l l i ne  structure by ion o r  electron impact. 

Contamination of the material by implantation of the bombarding par t ic les .  

The effect which is  most prevalent i n  damaging materials is ionization. 

l e v e l s  of harmful e f f ec t s  are approximately lo2 t o  lo3 rads f o r  man and 1014 t o  

10’’ rads f o r  aluminum metal structure.  

Typical 

Transistor and so lar  c e l l  failures. have occurred i n  satel l i te  systems and 

components much earlier than predicted, generally as a result of insuf f ic ien t  

TABLE 2-2 

ESTIMATED OUTER ZONE RADIATION 

MINIMUM 
P A R T I C L E  E N E R G Y  I P A R T I C L E  T Y P E  I 

Electron 

Electron 

Electron 

Proton 

Proton 

20 kev 

200 kev 

215 mev 

60mev 

30 rnev 



TABLE 2-3 

ESTIMATED INNER ZONE RADIATION 

PARTICLE TYPE 

Electron 

Electron 

Proton 

MINI MUM 
PARTICLE ENERGY 

20 kev 

600 kev 

40 mev 

FLUX I 
2 x 109 cm-2 sec.-l ster- 1 

107 cm-2 sec.- l  ster-1 

(uni) 

(uni) 

2 x 104 cm-2 sec.- l  
(omni) 

knowledge of the t rue  environment and insufficient state-of-the-art  simulation 

e quigment . 
2.5 Zero Gravity - I n  the absence of drag forces,  objects i n  free f a l l  ex- 

perience what may be termed as weightlessness, o r  zero-g. 

environment poses many problems f o r  the designer. For example, under zero-g condi- 

t i ons  the behavior of l iqu ids  is dominated by surface tension and viscosity instead 

of w e i g h t .  Under zero-g conditions, cooling by convection becomes ineffective.  

This facet  of the space 

The simulation of zero-g i s  very d i f f icu l t .  Some methods of obtaining a short 

term zero-g environment are : 

a. Drop chamber (2 t o  5 seconds of f ree  f a l l ) .  

b. 

c. 

Aircraf t  i n  a b a l l i s t i c  t ra jectory (1 minute). 

Rocket i n  a b a l l i s t i c  t ra jectory (10 minutes). 

Limitations on these methods include short t e s t  time, complex instrumentation and 

expense. Some design problems can be part ia l ly  analyzed through use of suspension 

and f lo t a t ion  techniques. 

2.6 Other Environmental Factors - Additional environmental e f f ec t s  which must 

be considered include dust par t ic les ,  meteorites, combined environmental e f fec ts  

and unknown quant i t ies  . 



A portion of the space mass density i s  composed of interplanetary dust. This 

dust  tends t o  be concentrated i n  small  "dust ba l l s"  with a density of about 

t o  1 gm/cm3 (Reference 2 ) .  

300 miles i n  the e a r t h ' s  g rav i ta t iona l  f i e l d .  

t i o n  of optics, bearings and other mechanical devices i s  not expected t o  be 

serious except over r e l a t ive ly  long operating periods. 

The average separation of these dust bal ls  i s  about 

Because of the  low density, degrada- 

It has been calculated t h a t  the  average co l l i s ion  velocity of meteoroids i n  

the  v ic in i ty  of the ea r th  i s  about 35 km/sec which corresponds t o  k ine t i c  energy 
6 of about 10 joules/gm. 

t o  vaporize 50 gms of aluminum. 

suf f ic ien t ly  large t o  cause damage i s  very small, it appears probable t h a t  a satel- 

l i t e  of nominal s i z e  w i l l  encounter a s igni f icant  number of meteoroids ranging i n  

mass from less  than 10-3 gms up t o  1 gm i n  a period of one year (Reference 2 ) .  

S t a t i s t i c a l  predictions indicate a 1 m s a t e l l i t e  skin w i l l  be punctured sometime 

between 10 hours and 220 days and t h a t  a 1 cm s a t e l l i t e  skin would suffer puncture 

sometime between 1 year and 550  years (Reference 5 ) .  

meteoroid density and d i s t r ibu t ion  i s  required t o  decrease the  range of s ta t is t ical  

predictions, The Pegasus meteoroid detection s a t e l l i t e  and other planned vehicles 

should provide significant data t o  inrprove the  s t a t i s t i c a l  prediction. 

With t h i s  velocity, a one gram meteoroid has enough energy 

Although the number of meteoroids with a mass 

Considerably more data on 

The space environment cons is t s  of a combination of the  individual environments 

Simultaneous environ- previously discussed as w e l l  as possibly unknown conditions. 

ment simulation i n  ground tes ts  has been done t o  only a l imi t ed  extent. Combined 

vacuum and temperature, and combined vacuum, temperature and radiation tests have 

been performed with mixed resu l t s .  The e f f e c t  of combined environments i s  of 

major concern t o  the user and the  hardware designer. 

f a i l u r e s  of equipment i n  o rb i t  which a r e  a t t r i bu ted  t o  combined ra ther  than 

There are many examples of 



individual environmental conditions. Open o r  par t ia l ly  open bearing surfaces a re  

susceptible t o  the  en t i r e  environment, i .e. ,  outgassing i n  vacuum, contamination 

due t o  dust and par t ic les ,  degradation of the  lubricant due t o  radiation, and 

deter iorat ion due t o  temperature extremes. 

t i b l e  t o  combined o r b i t a l  conditions than are the mechanical equipments w i t h  the  

possible exception of b a t t e r i e s  and fue l  ce l l s .  Lack of suf f ic ien t  instrumenta- 

t i o n  has l imited the  analysis  of the combined space environment e f fec ts .  

Electronic equipments are less suscep- 

"Induced" environments such as paint  par t ic les ,  dust ,  l i n t ,  radiation, re- 

ac t ion  control system gases and loose pa r t s  i n  addition t o  the natural  environment 

are poten t ia l  problem sources. Hardware design can compensate f o r  the induced en- 

vironments if  they are anticipated.  The Canopus star t racker  on a recent Mariner 

vehicle tracked dust o r  l i n t  pa r t i c l e s  which originated from the vehicle. Design 

allowances could have been incorporated t o  reduce the  e f f e c t s  of the induced en- 

vironment had it been f u l l y  anticipated.  A s u i t  fan  blower on a Mercury vehicle 

clogged due t o  the combination of zero-g and residual dust  in the  spacecraft cabin. 

A f i l t e r  over the  fan was subsequently added t o  reduce the problem. More thorough 

instrumentation of the  s a t e l l i t e  hardware would allow improved f a i l u r e  analysis  

and determination of the  unknown e f f e c t s  of combined environments . 
2.7 Signature Character is t ics  - In  addition t o  simulation of environments, 

ground t e s t i n g  of guidance sensors requires target  simulation. The ea r th  or  one of 

the  other planets  i s  the ta rge t  f o r  horizon sensors. The s t e l l a r  f i e l d  i s  t o  be 

simulated f o r  star t rackers  and star mappers. Radar and l a s e r  systems require 

simulation of the  t a rge t  and the surrounding space. 

To properly simulate the ear th  o r  a planet f o r  horizon sensors requires a de- 

tailed kncwledge of the  spectral  character is t ics  of the  plane-space gradient.  In- 

formation i s  needed on the  d is t r ibu t ion  and occurrence of anomalies i n  the  gradient. 
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Likewise, simulation of the star f i e l d  requires a detai led study of the stellar 

f i e l d  as viewed from orb i t .  

and magnitudes of the stars. Ground simulation has been unable t o  predict  sensor 

performance i n  o rb i t  because of the unknown character is t ics .  For example, ac tua l  

horizon sensor performance i n  o rb i t  has been a s  much as an order of magnitude 

poorer than predicted by ground tes t ing .  Additional discussion of the signature 

simulation problem i s  contained i n  Experiments on "Earth Horizon Definition" and 

"Star Characteristics" i n  Section 2 of Volume II. 

Information i s  needed on the spectral  charac te r i s t ics  
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3. CANDIDATE ORBITAL EXPERIMENTS 

3.1 Summary - Candidate orb i ta l  experiments were determined by considering 

which guidance, navigation and control devices and techniques would benefi t  from 

the r e su l t s  obtainable from o rb i t a l  t e s t s .  

ments represent the needs of the aerospace community, a l i t e r a t u r e  search was made, 

McDonnell project  and advanced design groups were surveyed and 8 survey was made of 

aerospace contractors and agencies. Figure 3-1 contains a l i s t  of companies and 

agencies who made a s ignif icant  contribution t o  t h i s  study by suggesting experi- 

ments and presenting ideas and data on the needs f o r  o rb i t a l  tests. 

the surveys and l i t e r a t u r e  search, a candidate experiment l i s t  was made, which con- 

tained over one hundred suggested o rb i t a l  t es t s .  

including a suggested experiment were: 

In  order t o  make the candidate experi- 

A s  a r e su l t  of 

The general ground rules  used f o r  

a. 

b. 

C. 

Design or performance data i s  needed which can best  be obtained i n  orbi t ;  

Space environment cannot be adequately simulated by ground equipment; and 

Proof t e s t ing  and evaluation i s  important because of the potent ia l  use of 

the device. 

Summaries of candidate experiments i n  the areas of Vehicle Controls, Attitude 

Reference Sensors, Navigation Sensors, Advance Concepts, Environment and Life 

Tests, and Special Vehicles are given i n  Tables 3-1 through 3-10. 

the summaries include the applicable f l i g h t  tes t ing tha t  has been done or i s  

planned and the suggested additional o r b i t a l  testing. 

process by which experiments were selected from the candidate experiments. 

For each area, 

Section 4 describes the 

3.2 Vehicle Controls - Active and passive a t t i t ude  controls were considered 

Translation controls are  primarily concerned with propul- as pa r t  of t h i s  study. 

sion devices and, as such, were not thoroughly investigated. 

those which adjuGt the vehicle momentum vector by expelling mass (e.g. reaction 

Active devices a r e  
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j e t s )  or  changing their  own momentum vector (e.g. gyroscopic devices). 

devices function by interaction wi th  the environmental forces which e x i s t  a t  orbi- 

t a l  a t t i tudes .  These are primarily the magnetic and gravity f i e l d s  and so lar  rad- 

ia t ion  pressure. Summaries of the experiments which involve act ive devices and 

passive techniques are given i n  Tables 3-1 and 3-2. 

impulse thrusters ,  act ive devices can be tested adequately on the ground. 

devices and small impulse thrusters  require space t e s t ing  because the one-g gravity 

f i e l d  encountered i n  ground t e s t s  masks the output force levels  from these devices. 

Control electronics and extravehicular control techniques are addi t ional  

Passive 

With the exception of small 

Passive 

areas of in t e re s t  i n  the general category of controls. 

require electronics which, i n  most cases, are ta i lored t o  f i t  the vehicle. 

can be divided in to  fixed-gain and adaptive systems which are fur ther  subdivided 

Active control systems 

These 

as follows: 

Fixed-gain systems : 

a. On-off systems using pulse type torquers (e.g., reaction jets)  t o  con- 

t r o l  the vehicle t o  a l i m i t  cycle. 

Purely analog systems using analog torquers (e.g., i ne r t i a  wheels) t o  

control the vehicle t o  an absolute reference. 

b. 

c. Combinations of these. 

Adaptive systems : 

a.  Totally adaptive systems designed t o  compensate f o r  a l l  variables which 

may be encountered by the vehicle i n  any phase of i t s  operation, includ- 

ing the long term orb i t a l  phase. 

Specialized adaptive systems designed t o  be used during one or  more 

spec i f ic  phases of operation, such as ascent or re-entry. 

b. 
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TABLE 3-1 
ACTIVE CONTROL DEVICES 

ITEM 

Cold Gas 
Jets, Monc 
propel lant 
Jets, 
Hyper go I i c  
Jets 

Ion Jet 

Plasma 
Jet 

Detonatior 
Hypergolic 
Jets, 
Sol id 
React ion 
Jets 

Sublimatic 
Jets, 
Resistanc 
Jets 

Inertia 
Wheel 

F lu id  
Flywheel 

I Inertia 
Sphere 

Control 

Stabi I izer 

FLIGHT TESTS 
CONDUCTED 

OR PLANNED(P 
Discoverer, 
Mercury, Gemini, 
Nimbus, Explorer 
Apollo(P), etc. 

Project 661A 
SERT I 

None known 

None known 

None known 

Nimbus, OAO(P), 
OGO 

None known 

None known 

Project 661A 

Discoverer 

SUGGESTED 
ORBITAL TESTS 

L i f e  
Standby 

Ion beam neutral izat ion 
On-off characterist ics 
Long-term intermittent 
operations capabi l i ty  
Response time 

0 Thrust level 

On-off characterist ics 
Long-term intermittent 
operat ion s capo bi I i t y  
Response time 
Thrust level 

On-off characterist ics 
Response t ime 
Single-pulse thrust level  

0 Mult ip le pulse operation 
Standby 

On-off characterist ics 
Response time 
Thrust level 
Standby 

Standby 
Torque resolut ion 
Accuracy 

0 Wobble damper for spinning 
vehic le 
Pump re l iab i l i t y  

Electrostat ic suspension at 
near zero-g 

B a l l  bearing l i f e  
Gas bearing stabi l i ty  
Standby 
Accuracy 

Ba l l  bearing l i fe  
0 Gas bearing stabi l i ty  

Act ive domping for passive 
control technique 

ADD1 T I ONAL RE MA R KS 

Ground tests and orbital tests already con- 
ducted or planned are bel ieved adequate 
One of these devices used on almost every 
sotel l i te f lown to  date 

Low disturbance-torque atmosphere required 

Project 661A provided only one 30 second 

Some data can be obtained from ground tests 

Orbital environment w i l l  provide both the 

to test low thrust capabi l i ty  

test  run on an  ion thruster 

stable vacuum and low-disturbance torques 
required to  conduct a satisfactory functiona' 
test 
Some data can be obtoined from ground tests 

Orbital environment w i l l  provide low- d is-  
turbance torques for test ing o low thrust 
device and zero-g for mechanical proof 
test ing 
Most data can be obtained from ground tests 

Orbital environment w i l l  provide low-disturb 
once torques for test ing low-thrust devices 
Some data can be obtoined from ground test 

Ground and orbital tests already conducted 
or planned are bel ieved adequate to  veri fy 
device design 

Ground test ing w i l l  provide a l l  but a f inal  
proof test of the device 

Potential useful lness of th is  device does 

Development is progressing very s lowly 

Ground test ing w i l l  provide a l l  but a f inal  

Used in project 661A as a momentum dump- 

not appear great at  th is  t ime 

proof test  of the device 

inq device to  counteract ion jet thrust - - 
Orbital  tests already conducted ore be- 
liev,ed to  be  odequate 
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TABLE 3-2 
PASSIVE CONTROL TECHNIQUES 

ITEM ADDITIONAL REMARKS SUGGEST ED 
ORBITAL TESTS 

FLIGHT TESTS 
CONDUCTED 

OR PLANNED (P) 

Gravity 
Gradient 

Magnetic 
F i e  Id 

Discoverer, 
Transit, ATS(P), 
TRAAC, 1963 altitudes 
22A 
Transit, 1B and 
2A, 1963 22A, 
OAO(P) 

Evaluate strap-on boom and This would complement ATS program but 
would evaluate system capabi l i ty  at low damper a t  low alt i tude 

Evaluate 3-axis control using At low altitudes large torques are avai l-  
satel l i te-f ixed current co i ls  
Momentum storage and dump- 
ing techniques 

able wi th  relat ively low current 

Aero- 
ynamic 

To date, most s a t e l l i t e s  operating i n  the  o rb i t a l  m o d e  have employed fixed-gain 

control  systems. 

possibly provide more accurate operation. 

used on launch vehicles during ascent and on the X-15 during a l l  phases of i t s  

f l i g h t .  

of l i f t i n g  re-entry vehicles. 

The t o t a l l y  adaptive system would optimize f u e l  consumption and 

Specialized adaptive systems a r e  being 

Paragraph 3.7 provides a br ie f  discussion of sensors f o r  adaptive control 

Extravehicular control techniques may be used t o  maintain an as t ronaut ' s  

attitude and s t a b i l i t y  when he is outside the vehicle o r  t o  control an external  

sensor system. Simulation tests can provide some data, b u t  the  zero-g o r b i t a l  

environment is required t o  f u l l y  t e s t  such devices pr ior  t o  t h e i r  employment. 

Astronaut extravehicular a c t i v i t i e s  a r e  planned f o r  Gemini and Apollo. 

Very low altitude satel l i tes 
and vehicles re-entering at- 

Vehicle design is important 
Autopilot and air data sensors would be 
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Radiation 

mosphere could use surfaces needed 
and hinge movements for 
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TABLE 3-3 
OPTICAL REFERENCE SENSORS 

FLIGHT TESTS 
CONDUCTED 

)R PLANNED ( P  

)GO, OSO, 
4OSO(P), Mariner 

4gena, Discaver-  
:r, OGO, 
dercury, Saturn, 
Semini, Pro ject  
;canner( P)  

i u rv  e y or ( P) , 

Jariner 
)AO(P), 

'raject Scanner 

tpa l la(P) ,  
iurveyor (P )  

Aariner 

SUGGESTED 
ORBITAL TESTS 

D Measure accuracy referenced 
against  a prec is ian system 

D Evaluate accuracy 
D Obtain prec is ian measure- 

ments o f  earth IR 8. UV 
c haracter i s t  i c  s 

D Evaluate long term degrada- 
t i on  of unsealed bearings - 
operating, intermittent opera. 
t i a n  and long term storage 
cand it i an s 

D Evaluate long term degrada- 
t i a n  of optics, op t i ca l  ma- 
ter ia ls ,  detectors when ex- 
posed to  orb i ta l  environment 

D Evaluate pass ive f i n i shes  
used far temperature contro l  

@ Evaluate bearing l i f e  
D Evaluate accuracy of  IR  a l t i .  

meter app l i ca t i on  of Hor izon 
Sensor 

D Evaluate accuracy 
D Evaluate long term degrada- 

t i o n  of unsealed bearings - 
operating, intermittent opera. 
t i o n  and long term storage 
cond i t  ion s 

D Evaluate bearing l i f e  

b Evaluate long term degrada- 
t i o n  of optics, op t i ca l  mater- 
ials, detectors, etc., when ex-  
posed t o  orb i ta l  environment 

b Determine performance char- 
ac te r i s t i cs  at t i tude and rate 
measurements 

B Determine character is t ics  of  
nav igat ion stars 

B Evaluate star recogni t ion 
techniques 

B Evaluate accuracy 

B Evaluate accuracy 
b Measure IR and UV charac- 

te r i s t i cs  of  the p lanets  from 
a re lo t i ve l y  short range w i t h  
prec is ian inst rumentat ion 

ADDITIONAL REMARKS 

Ground tests  cans idered sat is factory  

D Tes ts  have no t  been conducted i n  orb i t  
us ing a prec is ian reference t o  es tab l i sh  in- 
f l i gh t  accuracy 

D Ground test ing not  suf f ic ient  due t o  lack of 
knowledge of atmospheric anomaly magni- 
tude and extent  
Important space environmental e f fects  in- 
c lude micrometeorites, radiat ion, UV, and 
vacuum 
Veh ic le  induced environmental e f fects  in- 
c lude outgasing, je t  exhausts, and f l ak ing  
Bearing l i f e  tests  w i l l  ve r i f y  t es t  resul ts  
obtained i n  ground vacuum chambers 

OAO w i l l  provide data sat is factory  for ac-  

Bear ing l i f e  tes t  w i l l  ver i fy  resul ts  ab- 

Same environmental e f fec ts  as  noted under 

curacy evaluat ion and l imi ted data 

tained i n  ground vacuum chambers 

Hor izon Sensors 

Eva lua t i on  of s te l lar  background i l lumina-  

Stor character is t ics  obtained an the ground 
t ion, star in tens i ty ,  etc. 

are extrapolated t o  subtract atmosphere 
at tenuat ion e f fec ts  (approximate) 

Present knowledge of moan Character is t ics  
considered su f f i c i en t  t o  des ign a moan 
s imulator  far ground evaluat ion 
F l i g h t  would be a proof-test 

Present  knowledge of  Mars and Venus can- 
sidered sat is factory  for long range sensor . 
mare knowledge needed far short range ( l es  
than 3 planet r a d i i )  eva lua t i on  



3.3 Attitude Reference Sensors - Attitude reference sensors provide a mea- 

sure of the  space vehicle a t t i t ude  var ia t ion or  r a t e  about a reference s e t  of 

axes. Optical sensors use the ul t raviolet ,  visual. or  infrared character is t ics  

of bodies (such as the moon, sun, earth, planets, or  stars) t o  establish a measure 

of the  vehicle a t t i t ude  re la t ive  t o  the sensed body. 

measure of vehicle a t t i t ude  and r a t e s  through use of gyroscopic action. 

of reference body natural  forces such as the  magnetic f ie ld ,  gravi ty  f i e l d  or  

ion dis t r ibut ion provides other techniques f o r  a t t i t ude  reference. 

I n e r t i a l  sensors provide a 

The use 

A wide range of devices and techniques with a broad spectrum of performance 

parameters have been used i n  sub-orbital and o rb i t a l  missions. Performance has 

not always m e t  emectat ions due t o  unanticipated variables or i n a b i l i t y  t o  com- 

p le te ly  evaluate performance of the devices in  ground t e s t s  pr ior  t o  f l igh t .  

Optical sensors have been used extensively i n  orbi t ing vehicles t o  provide a 

long term ear th  or  s t e l l a r  reference. 

plications,  and suggested o rb i t a l  t e s t s  is shown i n  Table 3-3. 

tial a t t i t ude  reference is  generally provided by two degree-of -freedom a t t i t ude  

gyros or  r a t e  integrating gyros. 

ing parameters i n  the use of gyros i n  space vehicles. 

sensors, t h e i r  application and suggested orb i ta l  t e s t s  a re  shown i n  Table 3-4. 

An indication of the sensor types, the ap- 

Short term iner- 

Life and d r i f t  r a t e  are considered as the l i m i t -  

Commonly used i n e r t i a l  

Several a t t i t ude  reference techniques have been proposed which are  unique i n  

t h e i r  application of unusual phenomena. The 

advanced concepts discussed i n  a subsequent section also have a t t i t ude  reference 

These a re  summarized i n  Table 3-5. 

applications. 

3.4 Navigation Sensors - Candidate experiments include both opticdl and 

microwave sensors which may be used in orbi t  determination and rendezvous func- 

t ions.  Suggested experiments and reasons f o r  o rb i t a l  t es t ing  of specif ic  sensor 
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TABLE 3-4 

IN ERTl AL REFERENCE SENSORS 

ITEM 

Floated 
Rate- 
Integrating 
Gyro 

Rate Gyro 

TWO- 
Degree-of 
Freedom 
Gyro 

Gi mba I led 
P lotform 

FLIGHT TESTS 
CONDUCTEC 

OR PLANNED (P) 

Agena, Ranger, 
Gemini, Apol lo 
(PI, etc. 

Mercury, Gemini, 
OAO(P), others 

Mercury, 
B a l l  i s t i c  
missi les 

Ba l l i s t i c  
missi les, 
Gemini, Apol lo 

(PI, LEM(P) 

SUGGESTED 
ORBITAL TESTS 

Dr i f t  rate stabi l i ty  
General performance and l i f e  
Gas bearing stabi l i ty  
Gyrocompass w i th  3-gyro 
strapped configuration 

Low amplitude characteris- 

Resolut ion under near zero-g 
Gyrocompass w i th  3-gyro 
strapped configuration 

t ics 

Gyrocompass performance of 
non-f looted, bo II bearing 

gyro 
Dr i f t  rate performance of 
case-rotating, gas spin- 
bearing gyro 

Att i tude reference for navi- 

Gyrocompass performance 
gation system test 

ADD1 T IONA L REMARKS 

Perform tests w i th  intermittent and con- 
tinuous operation, a lso  wi th and without 
temperature control 
A l l  orbital tests presently planned and con- 
ducted involve only bal l  bearing gyros 
Gas bearing gyros have f lown in  ba l l i s t i c  
miss i les 

Performance i s  expected to  improve in  the 
low g environment 

Mercury performed yaw alignment using this 
gyrocompass configuration but contained no 
reference for evaluating performance 

formance using a case-rotating gyro at  re- 
duced wheel spin speed 

Ground tests indicate improved dr i f t  per- 

Platforms f lown to  date are part of an 

Suggested tests would remove accelerome- 

Gyrocompass test  could be a 1-, 2-, 3- or 4- 

inert ial  guidance system 

ters from inner element 

gimballed uni t  

types a re  included i n  Tables 3-6 and 3-7 f o r  op t i ca l  and microwave sensor respec- 

t i v e l y .  Infrared devices are included i n  the  op t i ca l  sensor summary of Table 3-6. 

I n  general, precision navigation sensors require o r  need o r b i t a l  t e s t i n g  because 

of the uncertainties regarding atmospheric and background noise e f f e c t s .  

The optical  and i n e r t i a l  a t t i t u d e  reference sensors discussed i n  Paragraph 

3.3 as well as the  advanced concepts, Paragraph 3.5, are a l s o  useful as navigation 
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TABLE 3-5 
OTHER ATTITUDE REFERENCE SENSORS 

ITEM 

I on 
Sensing 

Magne- 
tometer 

V/H Sensor 
(Veloci ty/  
Height) 

FLIGHT TESTS 
CONDUCTED 

I R  PLANNED (P) 

Gemini( P), 
Aerobee 

Gemini(P), 
Pioneer, 
Explorer, 
Aerobee, 
Vang uard , 
Biosatel  I i te( P) 

Airplanes 

SUGGESTED 
ORBITAL TESTS 

Determine accuracy in ion 
sensing technique for ob- 
taining yaw information 

Determine feasibi l i ty  and 
accuracy of magnetometer 
att i tude control system 

Proof test at  orbital a l t i -  
tudes and veloci t ies 

ADDITIONAL REMARKS 

Aerobee experiments were not designed to  
sense f ie ld  direct ion 

Real ist ic simulation of magnetic f ie ld  in- 
tensity of orbit not possible on earth's 
surface 
Magnetometer tests to  date have been pri- 
mari ly for f ie ld measurement and not for 
attitude control 

tometer control 
Sputnik I l l  reportedly employed magne- 

Meaningiui data can be obtained using high 
alt i tude aircraft 

aids. 

i s  d i r e c t l y  applicable e i the r  as a navigation Sensor o r  as an alignment reference 

f o r  a gyro s tab i l ized ,  gimballed platform (see Table 3-4). 

gimballed platform can serve as a coordinate system f o r  resolving navigation 

measurements such as the  d i rec t ion  of earth geocenter, range and angles t o  a known 

ea r th  Landmark or t o  an o r b i t a l  t a rge t ,  d i rect ion of a known star line-of-sight,  

e t c .  

For example, the  horizon sensor or  star t racker  (summarizes i n  Table 3-3) 

The gyro s tab i l ized ,  

Microwave radar is  important as a navigation sensor. Current and planned 

use of a l t imeters  and rendezvous sensors w i l l  be expanded t o  areas such as map 

matching and ac t ive  landmark tracking. Features which w i l l  improve radars of the 

fu ture  include synthet ic  aperature, phased arrays, advanced data  processing tech- 

niques and increased efficiency. Incorporation of these features  in to  a highly 
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TABLE 3-6 
O P T I C A L  NAVIGATION SENSORS 

ITEM 

Manual 
Sextant 

Automatic 
Sextant 

Laser 
Ranging 

Infra-red 
Target 
Trackers 

Optical 
Trackers 

FLIGHT TESTS 
CON DUC TE D 

OR PLANNED (P 

Apol lo(P), 
Gemini( P) 

None known 

None known 

None known 

Gem hi(?), 
Apol lo(P) 

SUGGESTED 
ORBITAL TESTS 

D Evaluate the requirement for 
manual dexterity 

D Measure accuracy of an auto- 
matic sextant 

D Determine accuracy of a 
laser range and ronge rate 
system 

@ Evaluate accuracy and per- 
formance of an IR satel l i te 
tracker 

Evaluate the requirement for 
manua I dexteri ty 

ADDITIONAL REMARKS 

D Performance of man as we l l  as instrument 
needs orbital evaluation 

Star tracking principles being evaluated i n  
OAO 
Complex systems test evaluating star track- 
ing, landmark tracking or horizon sensors, 
etc. 

Orbit  tests needed to  el iminate atmospheric 
effects of attenuation, scattering and ray 
bending 
Requires target vehicle 

Addit ional information is  needed on IR 

Orbit tests needed t o  el iminate effects of 
characterist ics of possible satel l i te targets 

atmospheric attenuation, scattering and ray 
bending 

performance of man as we l l  as instrument 
needs orbital evaluation 

accurate, a l l  electronic search and tracking radar, lends itself as a v e r s a t i l e  

o r b i t a l  guidance and navigation too l .  

3.5 Advanced Concepts - Orbital testing may be required i n  the  development 

of advanced concepts such as those shown i n  Table 3-8 to :  

a .  

b. 

Prove t h e  f e a s i b i l i t y  of the concept. 

Aid i n  solving spec i f ic  problem areas whose solution is dependent on the 

orbiting environment. 
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ITEM 

Alt imeter 

Pulse 
Ranging 
Radar 

Landmark 
Tracking 
(Pulse and 
D op p I e r) 

Doppler 
Radar 

Map Match 
i ng 
(Al t i tude 
and 
Pattern) 

FLIGHT TESTS 
CONDUCT ED 

I R  PLANNED (P) 

Saturn, LEM(P) 

Gemini(P) 

H igh  al t i tude 
aircraft(P) 

A pol IO-L EM( P 

Aircraft,  
Miss i le( P) 

TABLE 3-7 

MICROWAVE NAVIGATION SENSORS 

SUGGESTED 
ORBITAL TESTS 

D Determine accuracy based on 
ground track reference 

B Determine performance w i th  
non-cooperative targets us- 

ing advanced concepts 

D Determine accuracy and 
system performance 

Same as ranging radar 

Obtain data on earth a l t i -  
tude and unique patterns t o  
form master reference for 
mappers 

ADDITIONAL REMARKS 

Previous and planned use l imited to  low 
a It i tude 
Orbital radar alt imeter problems include 
power requirements and data processing 

1 Testing wi th non-cooperative targets may 
require advanced concepts i n  such areas 
as antennas, data processing and modula- 
t ion techniques 

I Aircraf t  test ing is  adequate for present de- 
velopment; ult imately needs test ing in orbit  

t Same as ranging radar 

t Used for rendezvous 
Provides accurate veloci ty 

B Basic development can be carried out in 
aircraft and missi les 

C. 

3.6 

Provide proof t e s t  r e s u l t s  on the  operating performance. 

Environment and L i f e  Tests - Typically, the  development phase of a new 

aerospace device is followed by a qualification t e s t  and operating l i f e  tests in 

a simulated environment t o  provide the  capabili ty of the device. The major dis- 

crepancy i n  these t e s t s  is the  impossibility t o  simulate any one environmental 

condition precisely o r  a l l  the  environmental conditions simultaneously. Six areas 
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TABLE 3-8 

ADVANCED CONCEPTS 

POTENTIAL 
APPLICATION 

-ong term att i tud, 
eferences for 
:ontrol and 
iav igati  on 

411 cryogenic 
nert ial  guidance 
ind automatic 
iav igat ion 

;ravity gradient 
sensor and low 
,hrust monitor 

-oca1 vert ical 
sensor for con- 
,rol and naviga- 
'ion 

Local  vert ical 
sensor for con- 
trol and naviga- 
tion 

Nav igat ion aid 
to obtain precise 
posit ion 

SUGGESTED 
ORBITAL EXPERIMENTS 

D Dr i f t  rate performance 
D Dual suspension voltage 

D Spin up in orbit 
tests for launch and orbit  

~ ~ ~ 

D Dr i f t  rate performance 
B Remote start-up 

D Measure bias error or zero 
offset, scale factor, and 
thresh old 

D Spacecraft drag and vibra- 
t ion 

D Determine the performance 
of sensors in defining the 
direct ion of the gravity 
gradient 

D Obtain scient i f ic  data on 
the characteristic o f  the 
earth's 02 layer 

D Obtain scient i f ic  data on 
the characterist ics of var- 
ious types of earth land- 
marks 

ADD IT IONAL REMARKS 

Dr i f t  rate performance of gyro cannot be 
evaluated on the ground becaLise of gravity 
induced torques 
Spin up in orbit is evaluated and compared 
to  the dual suspension voltage system as 
an alternate techniqLie 

0 Many of components of an a l l  cryogenic 
guidance and navigation system are not yet  
under development 
Strapped dawn cryogenic gyro may be applic- 
able to suggested tests 
Further investigation of cool ing and pick- 
off problems required 

Presence of gravity f ie ld  and seismic noise 
make ground test ing impossible 

Gravity gradient and space disturbances 

More investigation required to establ ish 
cannot be simulated on the ground 

complete feasi b i  I i ty 

High alt i tude aircraft can obtain data for 

Ul t imately need f l ight tests a t  orbital a l t i -  
early development 

tude i f  promising 

Same as Horizon Sensor (Microwave) 
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which have special  significance i n  environmental and l i f e  t e s t ing  are summarized 

i n  Table 3-9. 

Proof t e s t ing  a t  the  subsystem l eve l  i s  considered worthwhile; however, test- 

i n g  of complete system such as an autonomous navigation system, a t t i t u d e  control 

system, rendezvous system o r  so la r  power orientation system should be preceded by 

c r i t i c a l  component l e v e l  tes t ing .  

vironmental o r  l i f e  t e s t s  on a system whose design is  closely re la ted  t o  the  

mission and vehicle configuration. 

It is d i f f i c u l t  t o  define useful o r b i t a l  en- 

3.7 Special Vehicles - Orbital t e s t ing  of some guidance a d  control  devices 

requires the  use of vehicles having spec ia l  design charac te r i s t ics .  

the  experiment design is strongly influenced by the  t e s t  vehicle configuration. 

Candidate experiments using natural forces f o r  vehicle control generally require 

spec ia l  vehicle shapes and control configurations. 

vehicles and hypersonic g l ide  re-entry vehicles have these spec ia l  requirements. 

Table 3-10 summarizes candidate t e s t s  for  these two spec ia l  vehicle areas. 

Conversely, 

Gravity gradient oriented 

Gravity gradient oriented vehicles require a spec ia l  i n e r t i a  configuration 

i n  which the  axis of least i n e r t i a  is the  earth pointing axis. 

i n e r t i a  configuration i s  impractical during boost and staging, a var iable  geometry 

vehicle i s  employed. 

boom along the ea r th  pointing ax is  t o  obtain the  desired ine r t i a  configuration. 

Libration damping i s  accomplished passively by interact ions w i t h  aux i l l i a ry  

bodies, spring-mass combinations, and hysteresis losses,  o r  ac t ive ly  by control 

gyros, react ion jets, and i n e r t i a  wheels. 

r e s t r i c t s  the families of s a t e l l i t e s  available f o r  o r b i t a l  t e s t .  However, it has 

been suggested that a piggyback experiment is p rac t i ca l  by a f f ix ing  a strap-on 

package containing an extensible boom and damper t o  the  selected vehicle. The 

Since the  desired 

Ine r t i a  changes are accomplished i n  o rb i t  by extending a 

The variable geometry requirement 
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TABLE 3-9 
ENVIRONMENT AND LIFE TESTS 

3RBITAL TEST 
CONDUCTED 
OR PLANNED 

3AO(P).  OSO. 
)GO, EGO(P), 
'OGO( P), 
4R ENTS( P), 
dimbus, T i ros,  
>emini(P), 
AOL(P), etc. 

)AO(P), OSO, 
)GO, EGO(P), 
'OGO( P), 
4RENTS(P), 
dimbus, T i ros,  
>em in i (  P), 
AOL(P), etc. 

done known 

)AO(P), OGO, 
dimbus, T i ros,  

dOL(P) ,  etc. 
4pol lo(P), 

411 orb i t ing 
Jehicles 

dOL(P) ,  
4po I lo( P), 
vlar i ner, 
iurveyor(P)  

SUGGESTED 
ORBITAL TESTS 

D Evoluote various lubr icants  
and lubr icat ing techniques 
for lubr icat ing a b i l i t y  and 
I i fe t ime 

D Evaluate bearing l i f e  under 
various load ond speed con- 
d i t i ons  w i t h  d i f ferent  lubri- 
cants 

tes t  progroms 
D Ver i f y  resul ts  of ground 

D Determine the s tab i l i t y  of 
hydrodynamic gas bearings 
i n  an unloaded (near zero-g) 
condi t ion 

D Evaluate ef fect  of hard 
vacuum on op t i ca l  mater ia ls  

D Evaluate ef fect  of rad iat ion 
on opt ica l  mater ia ls  

D Determine subl imot ion rate 
of mirrored surfaces 

D Determine extent and ef fect  
o f  micro-meteoroid impact t o  
op t i ca l  surfaces 

D Determine magnitude of par- 
t i c l e  accumulation and ma- 
te r i a l  redeposi t ing an op t i ca l  
surfaces 

D Determine ef fect  of solar 
rad iat ion on d is to r t i on  or 
warping of large op t i ca l  sur- 
faces (mirrors, windows). 

D Determine ef fect  of orb i ta l  
condi t ions (temperature, 
vacuum, near zero-g, etc.) on 
f la tness 

D Determine the long term ef -  
fect  on elect ron ic  assembl ies 
and components of rad iat ion 
present i n  the orb i ta l  env i -  
ronment 

D Determine e f fec t  of space 
environment on stored e lec -  
tronic equipment 

REMARKS 

1 Extent  of lubr icant  tests  on ARENTS pro- 
gram unknown 

1 Extensive ground tests i n  vacuum chambers 
have ind icated good resul ts  should be ob- 
ta inable w i t h  proper se lect ion of lubr icants  

1 Major i ty  of planned and conducted tes ts  
w i l l  obta in  ve r i f i ca t i on  of ground designs 
by  successfu l  operation of equipment 

1 Hydrostat ic  and hydrodynamic bearings 
have been used on b a l l i s t i c  vehic les.  

1 Ex tens ive  appl icat ion 
1 Quant i ta t ive ef fect  of environment needed 

D Quant i ta t ive ef fects  require evaluat ion 

D Stored denotes a standby cond i t i on  w i t h  
power off wh ich  w i l l  be fo l l owed  by usage 
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TABLE 3-10 

Gravity 

Gradient 

L i f t i ng  

Re.entry 

SPECIAL VEHICLES 

Discoverer, 

Transit, 
TRAAC, ATS(P) 

X-15, Asset 

Evaluation of a strap-on extensible 
boom and damper for vehicles 

Evaluate densitometers, TRFCS, 
guidance and adaptive control 
systems. energy management 
techniques 

I 1 I I 1 
SUGGEST ED 

ORBITAL TESTS 
FLIGHT TESTS 

OR PLANNED 
I ITEM 1 CoNWCTED 1 REMARKS 

In i t ia l  evaluation may require 
a special vehic le 

~ 

0 Applicable to  vehic les such 
as NASA M-2 and HL-10 

choice of vehicle would be limited by f i e l d  of view requirements, vehicle geometry 

and possible interference w i t h  other planned experiments. 

In the re-entry environment, hypersonic gl ide vehicles are required fo r  

evaluation of a i r  data and temperature r a t e  control devices, such as densitometers 

and thermocouples. The laser ,  X-ray and radioisotope densitometers under consid- 

erat ion are designed t o  penetrate the plasma sheath and measure f r ee  stream a i r  

density f o r  use i n  the vehicle f l i g h t  data computer and autopilot .  When properly 

used, densitometers provide data t o  determine Mach number, density, a l t i tude ,  

surface heating, angle-of -attack and sideslip angle. Thermocouples imbedded along 

the  vehicle a r e  used as temperature rate sensors in a Temperature Rate Flight 

Control System (TRFCS). 

constraints are used t o  prevent excessive heating and load factor  t ransients  

during re-entry energy management. 

The sensed thermal environment and knowledge of vehicle 
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4. EXPERIMENT SEUCTION PROCESS 

4.1 General - An extensive l i s t  of suggested o r b i t a l  tes ts  w a s  derived from 

I n  the  survey of the literature, aerospace contractors 

order t o  eliminate unacceptable or  questionable tests, a selection c r i t e r i a  had t o  

be formulated. 

t i ons  required of navigation, guidance, and control systems. 

and government agencies. 

Basically, consideration was given t o  t h e  most needed mission func- 

For the  immediate fu ture  the  following functional requirements were considered 

t o  be applicable t o  a wide family of vehicles: 

a. Precise short term and coarse long term loca l  ve r t i ca l /o rb i t  plane 

vehicle a t t i t u d e  sensing and control. 

b. Precise, short-term s te l lar  a t t i t ude  determination. 

c. Self-contained o r b i t  determination 

d. Coarse solar-oriented control. 

e. Rendezvous guidance. 

f .  Reliable, long-life, low power and weight, coarse a t t i t u d e  control. 

g. 

h. 

i. 

Nutation damping and spin ax is  determination of spin s t ab i l i zed  vehicles. 

Re-entry guidance and energy management f o r  high L/D vehicles. 

Long l i f e  and high r e l i a b i l i t y .  

I n  reviewing the  state-of-the-art devices related t o  these functions and i n  consid- 

ering problems encountered i n  space vehicles, se lec t ion  of experiments w a s  based on 

known problem or  desired improvement areas such as the  following: 

a. Horizon sensors o f f e r  t he  most proven concept f o r  l oca l  v e r t i c a l  sensing. 

Additional data i s  needed on the  earth's signature charac te r i s t ics  f o r  

design improvements. 

Methods, less complex than gyrocampassing, are needed f o r  coarse yaw at t i -  b. 

tude determination. 



C. 

d. 

e. 

f .  

g -  

ha 

1. 

J .  
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ImprovemeEt is needed in precise loca l  ve r t i ca l  and orbi t  plane a t t i t ude  

determination systems. 

Gravity gradient s tab i l iza t ion  and other passive techniques should be 

considered fo r  coarse control of long term missions. 

techniques should be extended t o  include medium t o  low a l t i t ude  ear th  

orbi ts  

No precise self-contained o rb i t  determination technique has been devel- 

oped. Optical sensing and tracking techniques are considered t o  be 

limiting t h i s  function. 

Promising advanced concepts such as the e l ec t ros t a t i c  and cryogenic 

gyros, low-g accelerometers, gravity gradient sensors, star f i e l d  de- 

vices, and automatic landmark trackers should be evaluated because of 

t h e i r  potential  value f o r  both a t t i t ude  and o rb i t  determination functions. 

Conventional instrument gyro we i n  space applications w i l l  continue; 

however, techniques f o r  improving l i fe ,  reducing power consumption and 

improving d r i f t  performance should be f u l l y  explored. 

Rel iabi l i ty  and l i f e  of high speed ro ta t ing  equipment is a c r i t i c a l  

factor  for  long duration missions. Gas bearings and e lec t ros ta t ic /  

electromagnetic suspension techniques of fe r  tk most promising solutions.  

The a b i l i t y  t o  predict  space performance of mss expulsion control 

devices cannot be improved great ly  by o r b i t a l  test. 

include ion engines and other very low l e v e l  thrusters. 

A wide variety of rendezvous sensing and guidance techniques w i l l  be 

evaluated i n  the Gemini and Apollo programs. 

niques and background noise problems may provide areas f o r  future  o rb i t a l  

t e s t s .  

Gravity gradient 

Possible exceptions 

However, advanced tech- 



k. A c lass  of a i r  data and temperature sensors appears promising as supple- 

ments t o  i n e r t i a l  systems fo r  the control, guidance and energy management 

of high L/D re-entry vehicles. 

Moving parts exposed t o  the space environment present a def in i te  design 

problem. 

1. 

m. Radiations e f fec ts  represent a potential environmental problem area,  In  

some cases, unknm radiat ion effects  have caused fa i lures  i n  semi- 

conductor devices. 

dust particles i n  zero-g collecting on exposed bearings) have caused 

operating problems and failures. 

n. An extensive o rb i t a l  test  program would be required t o  obtain any s ignif-  

icant  s t a t i s t i c a l  estimste of f l i g h t  hardware r e l i a b i l i t y  ( l i f e  tes t ing) .  

Known environmental effects not considered (such as 

The process of select ing experiments based upon the above requirements went through 

several  i t e r a t ions  resul t ing i n  the selection of t h i r t y  experiments f o r  fur ther  

def in i t ion  (shown i n  Table 4-1). 

4.2 Selection Criteria - The principal guidelines used i n  select ing the 

t h i r t y  experiments were (a) the device o r  technique has a high potent ia l  useful- 

ness, and (b)  the o r b i t a l  test could be performed a t  modest cost and complexity. 

These guidelines were combined wi th  the considerations discussed i n  Paragraph 3.1 

(which were used in compiling the suggested experiment l i s t s )  t o  form the nucleus 

of a select ion c r i t e r i a .  The selection c r i t e r i a  were then used as an aid i n  the 

delineation of the t h i r t y  experiments i n to  two groups based on conformance t o  the 

criteria. 

establish a pr io r i ty  of experiments. 

The following c r i t e r i a  were applied t o  each device o r  technique t o  

a. Test results fo r  t h i s  device o r  technique are required i n  the near future. 

If t h i s  device or technique is t o  be developed fo r  use on space vehicles 
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TABLE 4-1 

SELECT ED EX PE R MEN TS 

EXP ERI MENT 

1. Electrostatic Gyro 
2. Low-G Accelerometer 
3. Gravity Gradient Sensor 
4. Earth Horizon Def in i t ion 

5. Horizon Sen sor Accuracy 
6. Gus Bewing Performance 
7. Star Chuacter ist ics 

8. Gravity Gradient Controls- 
Passive Damping 

9. Ion Attitude Sensing 

10. Gyrocompassing 

11. High Reliabi l i ty Horizon 

12. Star Recognition 
Sensor 

13. Small Impulse Devices 
14. Optical Windows cnd Mirrors 

15. Bearings and Lubr icants 
16. Planet-Moon Vert ical  Sensor 

17. Gravity Gradient Controls- 
Act ive Damping 

18. Automatic Landmuk 
Tracking 

19. Microwave Radiometric 
Loco1 Vertical Sensor 

20. Cryogenic Gyro 
21. Temperature Rate Fl ight 

Control System 
22. Densi tometers 

23. Rendezvous Sensors 

24. F lu id  Systems 
25. V/H Sen sing 
26. Control Logic 
27. Reaction Jets 
28. Extravehicular Controls 
29. Passive Control T e c h n i q e s  

30. Space Environmental 
Tests 

ORBITAL TEST OBJECTIVE(S) 

Determine dri f t  and suspension system performance. 
Measure bias error or zero offset, scale factor and threshold. 
Evaluate performance cnd obtain design data. 
Determine energy level and stabi l i ty of horizon i n  IR and UV spectrum 

Evoluate accuracy of a 14 - 16 micron IR  sensor. 
Determi ne performance of self-generating gas bearings. 
Determi ne spectral energy and noise background of guide stars used for 

Evaluate satel l i te  3-axis control performance and obtain design using 

with particular emphasis on 14 - 16 micron IR energy band. 

stel l  or navigation systems. 

passive orientation and damping techniques at law alt i tude (300 n.m.1 

Obtain design data and determine accuracy ot ion sensing technique tor ob- 
taining yaw information. 

Evaluate performance using an inertial quality gyro platform or strapdown 
system. 

Evaluate performance of new design concept and low accuracy (1-5') 
horizon sensor. 

Determine star f ie ld  device capabi l i ty  for automatically identifying guide 
stars. 

Determine ignit ion characteristics and average impulse size. 
Evaluate surface degradation caused by meteorite damage, radiation 

Evaluate high speed bearing l i f e  cnd lubricant feed i n  zero-g and vacuum. 
Evaluate design concept and accuracy of a multi-function device by sens- 

ing earth. 
Evaluate act ive or semi-active damping of a gravity gradient oriented 

sate l l i te  at low altitude. 
Col lect  target signature data on selected earth features, demonstrate that 

possive optical tracker ccn acquire and track unknown landmarks and 
evaluate tracking accuracy. 

Evaluate feasibi l i ty, obtain design data, u l t imately determine accuracy. 

deterioration, etc. 

Determine dr i f t  rate and evaluate system performance. 

Evaluate temperature rate control during re-entry of a high L/D vehicle. 

Evaluate use of laser, radio isotope, or X-ray densitometers t o  measure a i r  

Determine background noise effects and evaluate advanced sensing 

Evaluate performance of f lu id  pumping techniques. 
Evaluate tracking performonce. 
Evaluate control performance and fuel usage rate. 
Dem on st r ate o per at i on and perf or ma nc e. 
Obtain design data cnd evaluate operation of a tethered payload system. 
Obtain design data cnd evaluate performance of solar and aerodynamic 

control technique s. 
Verify odequacy of ground tests; demonstrate operation of devices 

sensitive to zero-g , radiation or mul t ip le  environmental effects. 

data parameters in  a high L/D re-entry vehicle. 

techniques. 
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i n  the near future, immediate tes t ing  under ac tua l  o r  accurately simulated 

space environment i s  required. 

b. Orbital testing of t h i s  device is  required because of inadequate ground 

simulation of the space environment or  an unfavorable ground simulation- 

to-orbi ta l  test cost  r a t io .  Ground simulation may not adequately dupli- 

cate real space fo r  a suf f ic ien t  period of time. In cer ta in  s i tua t ions ,  

such as the simulation of canbinations of several environmental effects ,  

ground testing may be economically impractical. 

c. A n  o r b i t a l  experiment can be designed which w i l l  y ie ld  useful resu l t s .  

The performance of an experiment w i t h  the candidate device or technique 

would not require the use of procedures, concepts, devices, and/or tech- 

niques which are beyond the state-of-the-art .  

d. Experimental data w i l l  help resolve a c r i t i c a l  area.  

uncertainty ex i s t s  i n  the development or u t i l i za t ion  of the device or 

A c r i t i c a l  area of 

technique. Therefore experimental data is required t o  advance the 

state-of-the-art. 

e. The information is e i the r  limited or not being obtained an another 

program. The information required t o  develop and/or u t i l i z e  the device 

or technique is not being obtained w i t h  suf f ic ien t  accuracy or  i n  enough 

detai l  t o  resolve the c r i t i c a l  problems. I n  cer ta in  instances modifica- 

t i on  of planned experiments or  deviation i n  the f l i g h t  plan of others 

would allow the  needed data t o  be obtained. However, i n  l i e u  of such 

modifications and/or deviations, additional experiments must be performed. 

The cost, complexity, and reliabil i ty of the experiment are compatible 

with the  need for  data. The experiment is required t o  obtain data t o  

develop, u t i l i z e  or advance the state-of-the-art of a device or tech- 

f. 

nique. Therefore the increased cost  and complexity of an o r b i t a l  t es t  
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is  ju s t i f i ed .  

experiment w i l l  y ie ld  useful  results. 

The r e l i a b i l i t y  w i l l  be su f f i c i en t ly  high so that the 

4.3 Application of Selection Cr i te r ia  - Each of the  t h i r t y  experiments was 

subjected t o  the select ion c r i t e r i a  as sham i n  Table 4-2 and the experiments w e r e  

then categorized in to  primary and secondary groups depending on how well  they sat- 

i s f i e d  the c r i t e r i a .  

fur ther  subdivided by applying the  following sorting c r i t e r i a :  

The primary experiment group, numbers 1 through 1.5, was 

a. 

be 

C. 

d. 

e. 

Orbi ta l  t e s t ing  of t h i s  device or  technique is required because of 

inadequate simulation of the  space environment. 

The required information is not being obtained on another program. 

Confidence i n  the  o r b i t a l  performance data i s  increased by a fac tor  

grea te r  than four over previous test data (e i ther  ground o r  o rb i t  tests) .  

The tests are "technology" rather  than  "Project" oriented. 

The device o r  concept w i l l  be suf f ic ien t ly  developed f o r  o r b i t a l  f l i g h t  

tests i n  the 1966-1970 t i m e  span. 

If the  reply t o  a l l  of the  statements was posit ive f o r  an experiment, the  experi- 

ment was given top  p r i o r i t y  and placed i n  Category A .  I n  general, the Category A 

experiments have a high poten t ia l  f o r  future  applications;  ground laboratory simu- 

l a t i o n  is inadequate, and similar t e s t s  are not being performed on other programs. 

Experiments which d id  not s a t i s f y  a l l  of the  second c r i t e r i a  were placed i n  

Category B. No p r i o r i t y  of experiments was given within a Category. 

Category C, the  secondary experiments from Table 4-1, was reserved f o r  those 

experiments which were considered worthwhile f o r  fur ther  study but  which were not 

t o  be f u l l y  explored on t h i s  program. 

more ground development testing t o  further val idate  the need fo r  o r b i t a l  tests 

while some a r e  strongly dependent on t o t a l  vehicle design. 

The majority of these experiments require  
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I 

Category C: Experiments 16 through 

The final result was the selection of seven top priority experiments in Cat- 

egory A, eight priority experiments in Category B, and fifteen secondary experiments 

in Category C. The breakdown from Table 4-1 is: 

Category A: 

Category B: 

Experiments 1 through 7 

Experiments 8 through 15 



5.1 General. - This section presents a summary of the orb i ta l  t es t ing  con- 

sidered f o r  each of the t h i r t y  experiments selected and categorized in  Section k .  

In general, more than one o rb i t a l  test i s  required t o  f u l l y  evaluate a par t icular  

device or concept, although the experiment t i t l e  may seem t o  imply that a single 

o rb i t a l  t e s t  w i l l  suffice.  Such diverse applications as bearings and lubricants  

o r  passive controls may require f ive  or  more orbital  t e s t s .  Volume I1 contains a 

detai led technical description of each Category A and B Experiment and a dis- 

cussion of suggested t e s t s  fo r  the Category C Experiments. Design data and 

design ver i f ica t ion  data are  obtained on the  majority of the Category A and B 

Experiments as shown by Table 5-1. No attempt has been made t o  piace p r io r i ty  

on experiments i n  a given category. 

5.2 Category A Expe riments. - The following paragraphs summarize the 

Category A Experiments. 

contained i n  Section 2 of Volume 11. 

Elec t ros ta t ic  Gyro - The suggested Electrostat ic  Gyro o rb i t a l  t e s t s  are in- 

A detailed technical description fo r  each experiment i s  

tended t o  demonstrate the projected high accuracy i n  a space environment and t o  in- 

vest igate  the  operational problems associated w i t h  using the gyro i n  a space vehicle. 

D r i f t  rates considerably less than 0.01 degrees per hour a re  expected. 

has high poten t ia l  as a long term a t t i t u a e  reference f o r  both control and as 

pa r t  of a navigation system. 

tests because of the  gravity induced torques. 

e l e c t r o s t a t i c  gyro i s  used in the  proposed experiment. 

This device 

Drif t  perfornnrnce cannot be evaluated by ground 

A body mounted two degree-of-freedom 

One week d r i f t  t e s t s  are 

conducted a t  medium and low l eve ls  of suspension. In addition, remote start and 

de-spin charac te r i s t ics  are determined. A more complete test program would 

include a second f l i g h t  using two gyros f o r  3 axis  information i n  a strapdown 
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TABLE 5-1 
TYPEOFEXPERIMENTALTESTDATA 

E X  PER IME NTS 

CATEGORY A 

1. Electrostat ic Gyro 

SCIENTIFIC 

~ ~~~ 

2. Low-G Accelerometer 

X X 

~ ~ 

7. Star Characteristics 

X 

I x  

X 
-~ ~ 

3. Gravity Gradient Sensors 

4. Earth Horizon Definit ion 

5. Horizon Sensor Accuracy 

6. Gas Bearing Performance 

I I I 

X 

I I DESIGN 1 VERIFICATION TESTING TESTING 

~ ~~ 

CATEGORY B 

1. Gravity Gradient Controls- 
Passive Damping 

2. ton Attitude Sensing 

3. Gyrocompassing 

4. High Rel iabi l i ty  Horizon Sensor 

5. Star Recognition 

6. Small Impulse Devices 

7. Opt ical  Windows and Mirrors 

8. Bearings and Lubricants 

X 

X 

I I I 

X I X I I 

X 

X 

X 

X 

X 

X 

X 

X X 

X 

X X X 
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configuration and a th i rd  f l i g h t  using two gyros and a star tracker on a gimballed 

platform. The latter two experiments would use a suspension system found t o  be 

near optimum from the first test. 

Low-G Accelerometer - The major objective of t h i s  t e s t  i s  t o  measure the 

important performance parameters of a low-g accelerometer. 

drag and vibration may be obtained from t h i s  t e s t .  

be measured include bias er ror  or  zero offset ,  scale fac tor  and threshold. 

accelerometer considered f o r  t h i s  test has a capabili ty of measuring accelerations 

from 10-4 g t o  

sors, low-thrust control systems, s ta t ion  keeping and navigation f o r  long term in- 

terplanetary missions. 

gravi ty  f i e l d  and seismic disturbances. 

employs an e lec t ros ta t ica l ly  suspended proof mass. 

niques are applicable t o  most accelerometers i n  the t o  10-l' g range. Vehicle 

produced acceleration forces  are the largest  e r ro r  producing sources i n  the experi- 

ment. 

f e a s i b i l i t y  of employing low-g accelerometer concepts, means of eliminating noise 

( f i l t e r ing ) ,  evaluation of damping and isolat ion charac te r i s t ics  of d i f fe ren t  

materials. 

In  addition, vehicle 

Accelerometer parameters t o  

The 

g. This device has potential  use i n  gravity gradient sen- 

It cannot be ground tested because of the presence of the 

The accelerometer used i n  the  experiment 

However, the  measurement tech- 

Data analysis  w i l l  provide information on these effects ,  and a l so  on the 

Gravity Gradient Sensor - Gravity gradient sensor orb i ta l  tests are 

intended t o  (1) demonstrate the  accuracy of the device i n  a space environment, 

(2) measure e r ro r  producing sources t o  f a c i l i t a t e  ground tes t ing,  and (3) obtain 

design data. 

l o c a l  v e r t i c a l  reference f o r  navigation and a t t i t ude  control. 

disturbance sources and re la t ive  f ield strength cannot be simulated on ground. No 

The gravity gradient sensor i s  applicable fo r  use as a precision 

Space environment 

gravi ty  gradient sensors have been flown. Potential  accuracy i s  great if the  

Instrument can be designed t o  sense the small forces  and i f  vehicle e f f e c t s  can be 
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eliminated. 

accelerometer mounted on a ro ta t ing  wheel. The wheel i s  rotated i n  the  orb i t  

plane and t h e  accelerometer senses the tangent ia l  component of acceleration on the 

ro t a t ing  wheel. 

d i rec t ion  of l o c a l  v e r t i c a l  i n  the o rb i t  plane. 

wheel eliminates the e f f ec t s  of most e r ro r  producing sources. 

could expand the  system t o  a two axis sensor, and could attempt t o  improve system 

accuracy through knowledge acquired i n  the  first t e s t .  Various types of acceler-  

ometers could a l so  be evaluated i n  succeeding t e s t s .  

The gravity gradient sensor f o r  the experiment consi:,ts of a low-g 

The output waveform i s  a sine wave whose phase determines the 

The method of using a ro ta t ing  

Follow-on t e s t i n g  

E a r t h  Horizon Definit ion - The objective of t h i s  experiment i s  t o  measure 

the  earth-space gradient charac te r i s t ics  with precision i n s t r m n t a t i o n .  

information derived i s  t o  be u t i l i zed  i n  es tabl ishing the  ultimate accuracy of an 

optimized horizon sensor. 

a horizon scanner. I f  the s t a b i l i t y  of the  e a r t h ' s  I R  gradient i s  found t o  be 

insuff ic ient ly  s table  t o  design an accurate horizon scanner, development e f f o r t s  

on t h i s  approach should be discontinued. 

other programs are  obtaining data, but the  data i s  e i t h e r  of insuf f ic ien t  duration 

o r  accuracy t o  supply the  needs. S t a t i s t i c a l  data i s  required on the  ear th  IR 

gradient slope, lnagnitude and var ia t ions  i n  order t o  evolve an improved design 

and t o  es tabl ish the  ultimate accuracy of a horizon sensor. Several precision 

horizon sensor un i t s  a r e  being or  have been designed and developed. 

units and performances are needed. Precision data on the  I R  charac te r i s t ics  i s  

needed i n  order t o  accomplish the  improvement. 

sensor types ex is t ,  essent ia l ly  a l l  of tk horizon sensors use the I R  gradient.  

The proposed experiment employs radiometers t o  measure the  e a r t h ' s  rad ia t ion  i n  

the  1 4  t o  16  micron, the 20-35 micron and the  2000 t o  4500 angstrom bands. 

Data t o  determine long term s t a b i l i t y  of the  gradient i s  provided. 

The 

Basic sc i en t i f i c  data is needed t o  in t e l l i gen t ly  design 

TIROS, NIMBUS, Project Scanner and 

Improved 

Although a wide var ie ty  of 

A 
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precision a t t i t ude  reference i s  required f o r  the experiment. Additional f l i g h t s  

may be required t o  measure the gradient i n  more selected bands, and t o  obtain 

aZditiona1 data f o r  design of ear th  I R  simulators. 

Horizon Sensor Accuracy - The objective of t h i s  experiment i s  t o  measure 

the inflight accuracy of a horizon sensor system using a star tracker 

system as reference. 

c is ion measure of the spacecraft a t t i t ude  can be obtained. 

pared t o  the horizon sensor outputs, w i l l  provide a precision evaluation of the 

horizon sensor p e r f o m n c e  i n  establishing l o c a l  ver t ica l .  

does not provide suff ic ient  information on performance of horizon sensors i n  the 

presence of I R  gradient anomalies. There i s  insuff ic ient  knowledge on the types 

and extent of t he  I R  anomalies t o  design ground test equipment which would pro- 

vide the needed evaluation. Precision horizon sensors have been flown on several 

programs and performance has not met the expectations. 

qual i ta t ive rather  than quantitative due t o  lack of a precision reference against  

which the uni t  can be checked. A large number of programs require precision 

horizon sensors - MOL, MORL, OGO, Gemini and others. Development of improved 

u n i t s  cannot proceed much fur ther  without def ini te  precision measurements on 

exis t ing  un i t s  and without obtaining more information on the ear th  IR gradient 

character is t ics .  

The star tracker systemwill yield data frmn which a pre- 

This data, when com- 

Iaboratory t e s t ing  

The t e s t  r e su l t s  a r e  

Although several different types of horizon sensing techniques 

ex is t ,  proper instrumentation of the recommended system f o r  t h i s  experiment w i l l  

provide informstion useful t o  the design of other systems. Experiments should be 

repeated u n t i l  the best  energy bands a re  found. Then the optimized system should 

be flown t o  measure optimum system accuracy and compared t o  the accuracy pre- 

dicted by test  on an ear th  I R  simulator. 

Gas Bearing Performance - The objective of t h i s  experiment i s  t o  measure 

the  s t a b i l i t y  charac te r i s t ics  of a gas-bearing wheel in a zero-g environment. 



Bearing r e l i a b i l i t y  i s  a major problem i n  many space programs. 

air-bearing i s  considered a prime solution f o r  many applications.  

of an unloaded (zero-g) bearing i n  a l l  axes i s  questionable. 

o r b i t a l  t e s t  can be designed which w i U .  resolve t h i s  unknown. 

bearing configurations, demonstrated t o  be stable i n  lab tests, are evaluated i n  

the  i n i t i a l  o rb i t a l  t e s t .  Problem areas w i l l  d i c t a t e  future  t e s t s  o r  if  one design 

should be concentrated upon. 

gyro designs and other high speed bearing applications.  

Development of the  

The s t a b i l i t y  

A r e l a t ive ly  simple 

Three d i f fe ren t  air  

Success of t h i s  t e s t  w i l l  be of d i r e c t  benefi t  t o  

Star Character is t ics  - The objective of t h i s  experhnent i s  t o  measure the  

broad band spectral  charac te r i s t ics  of a few of the  major navigation stars.- The 

measurements are i n  the  3000 Angstrom t o  7000 Angstrom spectral  band used pr inci-  

pa l ly  by automatic star t rackers  and star mappers. 

modified to  y ie ld  Color Corrected Wgnitudes (CCM) of the stars f o r  use with 

various ty-pes of photomultiplier and vidicon detectors  as w e l l  as f o r  correlat ion 

with presently available ground measurements. 

and lab f a c i l i t i e s  have provided data on typ ica l  guide stars t o  an accuracy of 

2 0.2 star magnitudes i n  the v i s ib l e  spectral  bands. 

spectral. band is  approximately f 1.0 star magnitude o r  more. 

t o  take into account atmospheric attenuation. 

t he  atmosphere but not i n  thedes i r ed  spectral  bands and not necessarily of the  

desired stars.  A large number of measuring techniques could be used. One spec i f ic  

method as applied t o  the engineering aevelopment of star t rackers / s ta r  mappers i s  

described in the  experiment description. 

i n t ens i ty  of guide stars in the v i s i b l e  l i g h t  spectrum used by present day star 

t rackers .  An important goal of the  experiment i s  t o  determine the  p red ic t ab i l i t y  

of atmospheric attenuation and i t s  e f f ec t  on background noise l i m i t  f o r  ground 

t e s t .  Only one f l i g h t  i s  planned. 

The data obtained is  t o  be 

Tests from Astronomical Observatories 

Data accuracy i n  the  W 

Data i s  extrapolated 

QAO w i l l  obtain information outside 

The experiment provides data on the 



5.3 Category B Experiments - The following paragraphs s m r i z e  the Class B 

experiments. Detailed descriptions of these experiments a re  contained i n  Section 

3 of Volume 11. 

Gravity Gradient Controls - Passive Damping - The ob2octive of t h i s  experi- 

ment i s  t o  determine the accuracy with which a s a t e l l i t e  L n  a low a l t i t ude  ear th  

orb i t  may be aligned i n  three axes by an external torque due t o  the gradient of 

the gravi ta t ional  f i e l d  using only passive techniques. Vehicle configuration 

constraints w i l l  probably require tha t  an extensible boom end damper be affixed 

t o  the vehicle as a strap-on package. Since information on passive gravity gradient 

s tab i l iza t ion  i s  being obtained on other programs (ATS, Discoverer, Transit ,  

Comsat, etc, ), and since there are a var ie ty  of approaches, some of which have 

already been demonstrated, a comprehensive study i s  needed t o  determine the 

optimum configuration. The Ames approach is considered because it saves weight, 

i s  l e s s  complex, and should result i n  higher accuracy and f a s t e r  damping than 

other methods. A series of tests exploring the e f f e c t s  of o rb i t a l  eccentr ic i ty ,  

boom and damper configuration variations,  and d i f fe ren t  vehicle shapes should 

be run t o  determine the ultimate capabili ty of the passive approach. Potent ia l  

appl icat ions f o r  long l i f e ,  ear th  orbit ing vehicles are great. 

Ion Atti tude Sensing - The primary purpose of the  experiment i s  t o  demon- 

strate the f e a s i b i l i t y  of determining vehicle yaw a t t i t ude  f o r  near ear th  o rb i t a l  

vehicles by ion sensing techniques. It is further desired t o  obtain a measure of 

the yaw a t t i t ude  sensing accuracy. Finally, it i s  desired t o  instrument the  experi- 

ment t o  obtain a partial evaluation of the effects  of vehicle- ionosphere inter-  

ac t ion  on ion a t t i t ude  sensing. Ion sensing offers an a t t r ac t ive  method fo r  

obtaining coarse p i tch  and yaw a t t i t ude  information. Fl ights  on Aerobee rockets 

have ver i f ied  tha t  enough ions are present i n  the  near ear th  region t o  provide 

sensing information. A n  ion a t t i t ude  experiment i s  planned on one of the Gemini 

65 



f l i g h t s .  Additional t e s t ing  i s  needed t o  determine f e a s i b i l i t y  and t o  provide 

data f o r  sensor design. 

w i t h  a gyrocompass as the  master measurement reference. 

include effects  of gas expulsion on system accuracy and the  t e s t  expanded t o  in- 

I n i t i a l  t e s t i n g  w i l l  evaluate the  s ingle  axis device 

F'urther t e s t s  could 

clude a two-axis pi tch and yaw sensor. 

Gyrocompassing - The purpose of t h i s  experiment is  t o  evaluate the  accuracy 

of a precision gyrocompass which i n  turn  may be used as a master reference f o r  

evaluating various other yaw sensing techniques such as body-mounted gyrocompasses, 

ion sensing, V/H sensing, e t c .  

feas ib i l i ty  of using a gyrocompass f o r  aa autonomous navigation a t t i t u d e  reference. 

Gyrocompassing t o  determine vehicle yaw is a proven o r b i t a l  technique. 

which have used (or w i l l  use) some form of gyrocompass include Discoverer, 

Mercury, Nimbus, OGO, and Gemini. Of these programs, only Nimbus has reportedly 

included an a t t i t u d e  reference f o r  qua l i ta t ive ly  evaluating the  gyrocompassing 

accuracy. Gyrocompass accuracy is  a function of horizon sensor performance, gyro 

d r i f t ,  and a t t i t u d e  control system operation. Additional precision gyrocompass 

experiments a r e  needed with precise  horizon sensor and gyro instrumentation and 

with a master reference f o r  evaluating gyrocompass performance. 

proach using a two gimballed platform can be evaluated i n  one f l i g h t  using e i t h e r  a 

star tracker or sun sensor as the  master a t t i t u d e  reference. 

could be examined i n  succeeding f l i g h t s .  

a t ta ined  the gyrocompass could be used as a master a t t i t u d e  reference. 

Furthermore, t h i s  experiment w i l l  evaluate the  

Programs 

The proposed ap- 

Other approaches 

I f  precis ion on the  order of 0.lo i s  

High Rel iabi l i ty  Horizon Sensor - The objective of t h i s  experiment i s  t o  

measure the inf l ight  performance capabi l i ty  of high r e l i a b i l i t y  horizon sensors. 

I n  par t icular  t h i s  experiment i s  applicable t o  sensors with a nu l l  requirement of 



1 t o  5 degrees. 

sensor without the e f fec ts  of anomalies. 

the e f fec t  of atmospheric anomalies. 

data  and p e r f o m n c e  obtained. 

against a precision reference, therefore the data i s  qual i ta t ive rather than 

quantitative.  

undertaken to establ ish if the sensor head w i l l  t rack an3 t o  evaluate i t s  accuracy 

by using a precision horizon sensor. 

Laboratory t e s t s  w i l l  provide an adequate t e s t  of the horizon 

A f l igh t  t e s t  i s  required t o  evaluate 

Units have been and are  being flown and 

I n  general the data obtained is not referenced 

Flight evaluation of the most promising desizn concepts w i l l  be 

Star Recognition - The object of t h i s  experiment i s  t o  evaluate the inflight 

capabili ty of a star mapper system t o  automatically provide vehicle a t t i t ude  

information. 

of star t rackers  and star mappers. 

l y  accurate star color and magnitude simulation. 

exact solar radiat ion effects ,  and the e f fec t  of star c lus te rs  i s  not so easy t o  

simulate. Fl ight  test i s  required t o  providethe final evaluation of p e r f o m n c e  

i n  recognizing a star (or  stars) and providing the necessary attitude reference 

signals. In the  experiment the selected star mapper system is placed in to  orb i t  

on a vehicle using a star tracker system as a master reference. The transinitted 

data is evaluated t o  determine the capability of the star mapper t o  recognize star 

patterns,  and t o  discriminate between stars and the accuracy of measurement. Very 

f e w  star mappers are beyond the conceptual stages and none are t o  a hardware stage 

(other than breadboard). A development program of 3 o r  4 f l i g h t s  f o r  each type of 

sensor w i l l  be needed. In order, the flights w i l l  determine: (1) effectiveness 

of sensing technique, (2) e f fec t  of modifications and resul t ing accuracy, 

(3)  fia accuracy of complete system and computer. 

Iaboratory tests can be performed 30 establ ish the ultimate accuracy 

Simulators can be b u i l t  which provide relat ive-  

S te l l a r  background l i g h t  e f fec ts ,  
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Small Impulse Devices - The objective of t h i s  experiment is  t o  determine 

the character is t ics  of small impulse thrusters  when operated i n  a space environ- 

ment. 

l i m i t  cycles by providing s m a l l  impulse character is t ics .  

used (1) as  a t t i t ude  control torques fo r  s m a l l ,  long-term s a t e l l i t e s  whose o r b i t s  

may not permit the use of passive control techniques, (2) as damping devices fo r  

passive control techniques, and (3 )  as vernier controls f o r  large s a t e l l i t e s  re- 

quiring smal l  l i m i t  cycles. 

each thruster  design. 

These thrusters  are the result of design e f fo r t s  t o  minimize on-off system 

These devices w i l l  be 

The test requires a separate experimental package fo r  

Optical Windows and Mirrors - The objective of t h i s  experiment k t o  quanti- 

t a t i ve ly  measure the opt ical  degradation which occurs i n  windows and f i r s t  surface 

m i r r a r s  which are exposed t o  the space environment f o r  long periods of time. 

Proper performance of sealed opt ica l  systems requires high quali ty windows whose 

character is t ics  are  fixed. The need fo r  such windows i s  immediate. However, 

because some information i s  being gathered on other programs and some qual i ta t ive 

data can be gathered i n  the lab, t h i s  experiment i s  placed i n  Category B. 

experimental package f o r  test has s ix  windows and one mirror. These w i l l  be 

exposed t o t h e  space environment and checked periodically f o r  changes i n  trans- 

m i s s a b i l i t y  and r e f l ec t iv i ty  character is t ics .  

d i f f e ren t  materials or modifications of or ig ina l  materials. 

The 

The test would be repeated t o  use 

Bearings and Lubricants - The objective of the experiment is  t o  ver i fy  the 

accuracy of ground t e s t  results i n  o rb i t a l  flights. It i s  an important t e s t  area 

because of wide use. 

the low-g and radiation e f fec ts .  

week cycles. 

t o  20 experiments could be performed with var ia t ions  i n  types of lubricants ,  

I n  general, ground testing i s  believed adequate except fo r  

The bearings w i l l  operate continuously i n  two- 

Daily measurements of f r i c t i o n  e f f e c t s  w i l l  be made. Possibly 10 
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sizes  of bearings, and loads. Tests are simple, requiring low data handling 

capabili ty,  and place minimum constraints on the payload. Experimental r e su l t s  a r e  

important since accuracy and endurance of many guidance and control devices i s  

limited by bearings and lubricants.  

5.4 Category C Expe riments - Experiments selected f o r  t h i s  grouping generally 

include devices where: 

beyond the time scale of t h i s  study; (2) the performance and design of the device 

i s  highly dependent on the  vehicle configuration; (3) the  concept i s  highly special- 

ized; or  (4) ground t es t ing  i s  suff ic ient  t o  prove the concept, but o rb i t a l  t e s t  is  

required f o r  operational ver i f ica t ion  of the  device. 

experiments can become prime experiments as future mission requirements are be t t e r  

defined or  as other factors ,  l i s t e d  i n  Table 5-2, which influence t h e i r  secondary 

designation are resolved. 

(1) the development status and mission requirements are 

A number of the suggested 

Section 4 of Volume I1 contains a discussion concerning 

the  device or technique and i n  most cases a general description of experiments 

t h a t  should be considered. A brief  summary of each i s  given below. 

Planet - Moon Vertical  Sensor - The objective of t h i s  experiment i s  t o  

evaluate the performance of an infrared lunar planet horizon sensor concept as 

compared with a precision reference system such as a star tracker. The device 

is needed t o  provide a l oca l  ve r t i ca l  reference when i n  the immediate v ic in i ty  

of Mars, Venus, or  the  Moon. 

Gravity Gradient Controls - Active Damping - This experiment i s  designed 

t o  determine the  accuracy and l i b ra t ion  dmping capabi l i ty  of act ive control 

mechanisms on a gravity gradient oriented s a t e l l i t e  of non-optimum i n e r t i a  

configuration. 

s t ab i l i za t ion  of vehicles whose ine r t i a  configurations cannot be favorably 

Certain mission requirements may define a need fo r  gravity gradient 

69 



TABLE 5-2 
CATEGORY C EXPERIMENTS - 

FACTORS DETERMINING SECONDARY DESIGNATION 

EXPERIMENTS 

1. Planet-Moon Vertical 
Sensor 

2. Gravity Gradient Controls- 
Active Damping 

3. Automatic Landmark 
Tracking 

4. Microwave Radiometric 
Loca l  Vertical Sensor 

5. Cryogenic Gyro 

6. Temperature Rate Fl ight  
Control System 

7. Densitometers 

8. Rendezvous Sensors 

9. Fluid Systems 

10 .VM Sensing 

11. Control Log ic  

12. Reaction Jets 

13. Extravehicular Control 

14. Passive Control Technique! 

15. Space Environment Tests 

BEYOND 
THE TIME 

SCALE OF THE 
STUDY - CON- 

IIDERABLE NON- 
ORBITAL TEST 
tEQUIRED FIRST 

HIGHLY 
DEPENDENT 
ON VEHICLE 

:ON F I GU RAT I ON 

TECHNOLOGY 
AREA AND 

ASSOCIATED 
'ROBLEMS NE ED 

TION BEFORE 
ORBITAL TESTS 
:AN BE DEFINED 

3ETTER DEFINI- 

GROUND 
TESTING 

:EPT. ORBITAL 
TEST FOR 

VER IF  K A T  I ON 

PROVES CON- 

d 

d 

d 

d 
d 
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augmented by extensible booms, e tc .  or whose missions require fast damping 

t o  the earth orientation a f t e r  infrequent pointing t o  other a t t i tudes .  

controls w i l l  then be required. 

w i l l  provide act ive control sources capable of precision vehicle alignment i n  the  

Active 

Pulsed j e t s ,  reaction wheels and control gyros 

presence of disturbance torque 8 .  

Automatic Landmark Tracking - The purpose of t h i s  experiment i s  t o  obtain 

sc i en t i f i c  data on the character is t ics  of various types of ear th  landmarks. 

Development of the ear th  feature  (passive) mode requires basic sc ien t i f ic  data; 

the development of the act ive mode (beacons/reflectors) can be evaluated from 

high a l t i t ude  a i r c r a f t .  Fl ight  tests at orbi ta l  a l t i tudes  w i l l  be required 

ultimately t o  determine accuracy and system performance. 

Microwave Radiometric Local Vertical  Sensor - The object of t h i s  experiment 

is t o  obtain sc i en t i f i c  data on the  character is t ic  of the ear th ' s  O2 layer.  

Orbital tests are required i f  f eas ib i l i t y  of the approach can be shown t o  be 

promising. Aircraf t  f l igh t  test can provide limited data  f o r  evaluation. 

Cryogenic Gyro - This experiment is designed t o  evaluate the d r i f t  rate 

performance and remote start up capabili ty of a cryogenic gyro. This device has 

high poten t ia l  but equipment i s  not yet  suff ic ient ly  developed t o  warrant a 

de ta i led  experiment description at  t h i s  time. 

Temperature Rate Flight Control System - The object of t h i s  experiment i s  t o  

determine if heating r a t e  sensors (thermocouples) imbedded i n  a l i f t i n g  hypersonic 

re-entry vehicle can provide suff ic ient  informtion t o  the vehicle autopilot  f o r  

control  during re-entry, t rans i t ion  and equilibrium glide The primary objective 

of t h i s  system is t o  avoid thermal and load factor  constraints by f ly ing  a pre- 

determined temperature rate boundary in t he  V/H plane. 

recently flown on ASSFT. 

vehicle technology and a def ini t ion of mission requirements. 

An experiment was 

Application of this concept must await advances in 



Densitometers - This experiment i s  proposed t o  evaluate the  use of densito- 

meters t o  obtain a i r  data measurements i n  the  presence of a plasma barrier. 

Mechanization problems a re  complex and fo r  cer ta in  vehicles ablat ive products 

contaminate f r ee  stream measurements. 

sonic glide vehicle such as A S S T  or  the X-15  f o r  test. Such a device would f i l l  

a prime need f o r  an air data sensor i n  the  re-entry environment. 

This experiment requires a l i f t i n g  hyper- 

Rendezvous Sensors - Suggested experiments include background noise and 

s igna l  attenuation tests t o  determine the  need for addi t ional  and advanced sensor 

development t e s t s .  

hence, it is d i f f i c u l t  t o  define meaningful experiments. 

space stations require rendezvous sensors and a l t e rna te  experiments and techniques 

are being studied f o r  these programs. 

test results from these programs are needed in order  t o  define useful  experiments. 

This i s  a useful t e s t  area but it is extremely broad snd, 

Gemini, Apollo and t he  

Additional study and some correlat ion of 

Fluid Systems - The primary objective of t h i s  test is t o  examine the 

e f f e c t s  of the space environment on ce r t a in  areas of f l u i d  technology. 

w i l l  be the unique problems associated with the pumping of f l u i d s  in a zero-g f i e l d .  

The results of these tests w i l l  be used t o  determine the  applicable uses of f l u i d s  

i n  guidance and control of aerospace vehicles.  

Foremost 

V/H Sensing - The object of t h i s  experiment i s  t o  obtain proof tests of the  

device at o r b i t a l  a l t i t udes  and ve loc i t ies .  

pensation for  photographic systems, navigation sensing and a t t i t u d e  reference 

functions.  

ing is  desirable since an opt ica l  system i s  viewing t h e  ea r th  through the  atmosphere, 

clouds, etc. 

suff ic ient ly  defined f o r  o r b i t a l  t e s t .  

Applications include image motion com- 

Ground and airplane t e s t i n g  can provide useful  data but o r b i t a l  test- 

Equipment development s t a tus  and a firm appl icat ion are not ye t  
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Control Logic - The purpose of the experiment i s  t o  ver i fy  the  adequacy of 

ground simulation f o r  various control systems. Control of the vehicle by the 

experiment i s  required f o r  these t e s t s .  

ed t o  the specific vehicle involved. 

Devices of t h i s  type are generally t a i lo r -  

Although ground t e s t ing  can provide a large 

percentage of the required data, the f inal  proof test i n  an orbi t ing vehicle i s  

de sirable.  

Reaction Jets - Orbi ta l  test of reaction jets is  proposed t o  determine the 

Jet thrusting charac te r i s t ics  i n  R vacuum environment and t o  provide a f i n a l  proof 

test of t h e  system. Both cold gas and hot gas jets could be evaluated. 

Extravehicular Control - The object of t h i s  experiment i s  t o  evaluate the 

six-degree-of-freedom body dynamics and te ther  vibration modes of a tethered sensor 

package o r  simulated astronaut i n  the space environment. 

would be obtained from t h i s  t e s t  wouid be valuable i n  planning fur ther  ground 

tests and fu l l - sca le  astronaut extravehicular t e s t s  t o  be conducted on Gemini and 

Apollo f l igh ts .  

The information which 

Passive Control Techniques - This experiment would evaluate vehicle configur- 

a t ions  designed t o  use natural  forces f o r  passive control. 

control sources include gravity gradient, solar and aerodynamic pressures, and 

magnetic f i e lds .  Mariner N contained a solar pressure experiment. Aero- 

dynamic pressure control i s  vehicle dependent and is  res t r ic ted  t o  low o rb i t a l  

The four major passive 

altitudes. 

s tab i l iza t ion  experimnts.  

areas, but require a specif ic  vehicle configuration. 

The magnetic f i e l d  has been used for  damping on gravity gradient 

Useful experiments can be defined i n  each of these 

Space Environment Tests - The object of these tests i s  t o  ver i fy  ground test 

results. L i f e  tests are considered worthwhile i n  cer ta in  areas t o  increase con- 
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fidence in the  capabi l i ty  of new devices. 

increased by these tests, but a large number of tests are required t o  obtain a 

s ignif icant  sample s ize  and thereby obtain s t a t i s t i c a l  r e l i a b i l i t y  data. D i f f  i- 

cul ty  in  determining the  cause of failure de t rac ts  from the  usefulness of the 

Inherent confidence of a device can be 



6.  ExpEEu%IENT PAYIDAD CONSIDERATIONS 

6.1 Summary - This section sumwizes  the Category A aad B experiment require- 

ments, presents multiple experiment groupings based on selected common require- 

ments, and shows that ,  w i t h  fur ther  i terat ion,  these multiple experiment groups 

can be used t o  define preliminary mission and integrated payload design require- 

ments. In  addition, experiment implementation is discussed i n  terms of possible 

approaches fo r  conducting an orb i t a l  test program. The three approaches consid- 

ered include single experiment piggyback, multiple experiments piggyback and mul- 

t i p l e  experiments on a special  vehicle. The advantages of conducting experiments 

on a manned vehicle are b r i e f ly  discussed. 

6.2 Experiment Requirements - Tables 6-1 and 6-2 summarize the Category A 

The data contained i n  these tables  and B experiment requirements respectively. 

was abstracted from the experiment technical descriptions i n  Volume I1 which con- 

tains additional discussion on the requirements. 

t h i s  data represents nominal requirements which were derived by assuming that each 

experiment could be performed exactly a s  desired. I n  general, the highest qual i ty  

It should be made clear  that 

data will be obtained when the desired conditions a re  met; however, it is recog- 

nized that prac t ica l  considerations such as the ca r r i e r  vehicle or multiple experi- 

ment groupings w i l l  cause fur ther  trade-offs between experiment requirements, pay- 

load design and mission operations. 

in test results due to  changes i n  the experiment requirements. 

shorter  test times than indicated i n  the tables would provide useful data; however, 

In  many cases, there is  only a minor e f f ec t  

For example, 

longer t e s t  times a re  always desirable because the larger  date sample would in- 

crease confidence i n  the t e s t  resu l t s .  

6.3 Multiple Experiment Groupings - The data i n  Tables 6-1 and 6-2 can be 

used t o  define various experiment groups on the basis  of common requirements. How- 

ever, it i s  perhaps most instruct ive t o  group the  experiments by orb i t ,  orientation, 
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master attitude reference and time duration so that broad mission and payload 

design requirements can be defined. Tables 6-3, 6-4 and 6-5 illustrate groupings 

by orbi t  and orientation, master attitude reference and test duration respective- 

ly. In each table, the fifteen Category A and B experiments are divided into 

three groups. For example, in Table 6-3, Group I assumes an orbit and orientation 

which satisfies eight of the fifteen experiments; Group I1 satisfies four Of the 

fifteen; and Group I11 includes the remaining three experiments which are canpati- 

ble with Group I, Group I1 or other orbital and attitude conditions. 

all of the A and B elcperiments can be performed with the selected orbit and with a 

payload orientation system capable of providing earth-orbit plane and inertial 

alignments. 

master attitude reference and test duration requirements, respectively. Additional 

groupings based on other requirements are possible, although such groupings tend to 

lead into the definition of the subsystem support requirements. 

defining such subsystem requirements, it is considered more desirable to use the 

groupings in Tables 6-3, 6-4 and 6-5 to further examine broad mission requirements. 

Note that 

Similar subdivisions are made in Tables 6-4 and 6-5 which consider 

However, prior to 

By integrating across the groupings in the three tables, it is possible to 

define a set of conditions which is near optimum i n  the sense that all of the ex- 

periments can be conducted with the same payload. 

regarding orbit and orientation requirements and further examination of the master 

attitude reference and test duration tables, it is seen that the following condi- 

tions win satisfy all of the experiments: 

300 N.M. altitude, near circular, near polar 

From the previous conclusion 

Orbit: 

Orientation: Earth-orbit plane and inertial 

Master Attitude Reference: 

Test Duration: 

Gimballed Star "racker and Sun Sensor 

Three to six months. 

In the above conditions, it has been assumed that the sensors used for Horizon 
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Sensor Accuracy and Gyrocoxr@assing tests can later be used for master attitude 

reference instrumentation. 

ments and payload design integration studies might show that such an "optimum" 

payload is indeed 'lnon-optirmrm" from the viewpoint of cost, design complexity and 

ability to obtain useful test results. 

sub-system requirements. 

Further examination of the sub-system support require- 

For example, consider the stabilization 

From Tables 6-1 and 6-2, the L o w 4  Accelerometer and the 

TABLE 6-3 
ORBIT AND ORIENTATION GROUPINGS 

1 GROUP I 
Or t i t :  300 nautical mile alt itude, near circular, neor polar. 
Orientation: Earth - orbit plane. 

Experiment T i t l e  

I 
Category 

Low-g Accelerometer 
Gravity Gradient Sensor 
Earth Horizon Definit ion 
Horizon Sensor Accuracy 
Gravity Gradient Controls- 

Ion Att i tude Sensing 
Gyrocompass i ng 
High Rel iab i l i ty  Horizon Sensor 
Star Recognition* 

Passive Damping 

GROUP II 
Orbit: 300 nautical mile alt itude, neor circular, near polar. 
Orientation: Inert io I 

Electrostat ic Gyro 
Star Characteristics 
Star Recognition* 
Optical Windows and Mirrors 

A 
A 
B 
B 

GROUP I l l  
Orbit and orientation not cr i t ica l  - can be  performed w i th  Group I, II or other conditions. 

Gas Bearing Performance A 
Small Impulse Devices B 
Bearings and Lubricants B 

*An iner t ia l  orientation is preferred for in i t ia l  test, but ult imately needs test ing on an earth 
oriented pay I oad. 
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TABLE 6-4 

MASTER ATTITUDE REFERENCE GROUPINGS 

GROUP I - Star Tracker or Sensor* 

Experiment T i t l e  

Electrostat ic Gyro 
Gravity Gradient Sensor 
Earth Horizon Def in i t ion 
Horizon Sensor Accuracy 
Star Characterist ics 
Gyrocompass ing 
Star Recognition 

Category 

A 
A 
A 
A 
A 
B 
B 

GROUP I I  - Horizon Sensor and/or Gyrocompass* 

Gravity Gradient Controls- 
Passive Damping 

Ion Att i tude Sensing 
High Re l iab i l i t y  Horizon Sensors 

B 
B 
B 

GROUP Ill - None Required 

Low-g Accelerometer 
Gas Bearing Performance 
Small Impulse Devices 
Optical Windows and Mirrors 
Bearings and Lubricants 

~ ~ ~ ~~ ~~ 

*Sun tracker or sensor may be used as  a supplement or, i n  some cases, as the prime reference. 

Gravity Gradient Sensor t e s t s  have the most s t r ingent  rate (0.0005°/sec) and at t i -  

tude (0.1 deg) requirements. 

can be conducted with r a t e  and a t t i t ude  control  on the order of 0.1 deg/sec and 

1 o r  2 degrees, respectively. Hence, it appears impractical t o  desigp. 8 CoIlllplex 

(implies increased cost  and decreased r e l i a b i l i t y )  s tab i l iza t ion  sub-system for  

one o r  t w o  experiments when a much simpler sub-system would sa t i s fy  the majority 

of the experiments. 

Experiment Mounting i n  Table 6-1. 

a location near the vehicle center of ro ta t ion  t o  minimize the  e f f ec t s  of vehicle 

angular motion. 

However, the majority of the remaining experiments 

A fur ther  example is provided by noting the column designated 

Four of the  seven Category A experiments desire  

The remaining three experiments require special  mounting for  an 
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TABLE 6-5 

TEST DURATION GROUPINGS 

GROUP1 - One Week or Less 

Experiment T i t l e  

Gravity Gradient Sensor 
Gas Bearing Performance 
Gravity Gradient Controls- 

Ion Att i tude Sensing 
Gyrocompass ing 
Star Recognition 
Small Impulse Devices 

Passive Damping 

Category 

A 
A 

B 
B 
B 
B 
B 

GROUP I I  - Greater Than One Week But Less Than One Month 

Electrostatic Gyro A 
Low-g Accelerometer A 
Earth Horizon Def in i t ion A 
Horizon Sensor Accuracy A 

GROUP I l l  - Greater Than One Month 

Star Characteristics 
High Rel iab i l i ty  Horizon Sensors 
Optical Windows and Mirrors 
Bearings and Lubricants 

A 
B 
B 
B 

unobstructed field of view to see the earth horizon or celestial sphere. 

ilar mounting requirements from the Category B experiments are added to those 

above, it becomes clear that practical payload design considerations do not permit 

a l l  of the desired mounting conditions to be met with a single vehicle. 

When sim- 

At the other extreme, an approach worthy of consideration is one in which a 

minimam set of conditions is used (implying minimum cost). 

might select experiments which do not require orientation and master attitude ref- 

erence systems. However, in examining Tables 6-3 and 6-4, it is seen that only 

three experiments (Cas Bearing Performance, S m a l l  Impulse Devices, and Bearings 

and Iubricants) fit these conditions. 

One such approach 

Thus, it appears that to accommodate a 
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TABLE 6-6 

INTEGRATED GROUPINGS - SELF CONTAINED PAYLOAD 

Ex per i ments 

Low-G Accelerometer 
Gas Bearing Performance 
Ion Att i tude Sensing 
Gyroc om pa s sing 

Totals 

Watt-Hr. 3 

36 1.2 300 
23 0.3 30 
24 0.4 3500 
21 0.5 3600 

104 2.4 7430 

Lb. Ft. 

ExDeriments I Lb. I Ft. 3 

Electrostat ic Gyro 
Earth Horizon Def in i t ion 
Horizon Sensor Accuracy 
Star Characterist ics 
Gravity Gradient Controls- 

Passive Damping 
Star Recognition 
Gyroc om pa s s i ng 

20 
284 

54 
32 

35 
35 
21 

0.4 
5.2 
0.7 
1 .o 

0.8 
0.8 
0.5 

Watt-Hr. 

6800 
8450 
4400 

1 00 

50 
5 00 

3600 

reasonable number of experiments without excessive complexity, intermediate condi- 

t ions  between the  two extremes discussed above should be examined. 

Two integrated groupings which use intermediate conditions are i l l u s t r a t e d  i n  

Table 6-6. 

similar t o  t he  optimum performance conditions. 

experiments are not included. 

dating experiments within the  o r b i t  and shor t  duration r e s t r i c t i o n s  and which re- 

quire an  earth-orbit plane orientation. 

Group I is  similar t o  the  minimum cost conditions and Group I1 is  quite 

I n  both groups a l l  possible A and B 

Rather, i n  Group I emphasis i s  placed on accommo- 

I n  Group 11, only those experiments which 
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have def ini te  master a t t i t ude  reference but only moderate a t t i t ude  control require- 

ments a re  included. The table a l so  shows preliminary weight, volume and watt-hour 

estimates which may be used as broad indicators of payload integration acd elec- 

t r i c a l  power requirements. 

quirements, possible car r ie r  vehicles, and payload integration is necessary t o  de- 

termine the prac t ica l i ty  of implementing such multiple experiment groupings. 

Further study regarding the supporting sub-system re- 

6.4 Lmplementation Studies - Various implementation approaches can be eval- 

uated for  conducting an o r b i t a l  t e s t  program. Three approaches designated the  

s ingle  experiment piggyback concept, multiple experiments piggyback concept and 

multiple experiments special  vehicle concept are discussed i n  the following para- 

g r a p h  - 
6.4.1 Single Experiment-Piggyback - The use of the single experiment piggy- 

back concept was a primary objective of t h i s  study program. 

approach include simplicity and economy of testing, short  development lead time 

and exFriment adaptabi l i ty  t o  several  car r ie r  vehicles. Table 6-7 i l l u s t r a t e s  

possible ca r r i e r  vehicles which pa r t i a l ly  sa t i s fy  the gross requirements fo r  orb i t ,  

orientation, duration and master a t t i t ude  reference f o r  the  majority of Category A 

and B experiments. 

vehicle (Gravity Gradient Controls) or can be performed on a wide var ie ty  of ve- 

h ic les  because they a re  not overly sensi t ive to  the gross requirements used i n  the 

tab le .  The experiments which a r e  included i n  this latter group include Gas Bear- 

ing Performance, Small Impulse Devices, Optical Windows and Mirrors, and Bearings 

and Lubricants. 

The advantages of t h i s  

The experiments not sham i n  Table 6-7 e i the r  require a special  

It should be recognized that each experiment requires additional support from 

the  carrier vehicle subsystems. The effective use of the s ingle  experiment piggy- 

back concept requires that the c s r r i e r  vehicle supply the master a t t i t ude  reference, 
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Yes 
Yes 
Yes 

~ _ _ _ _  

Yes Not 
Yes Required 
Yes 

Yes 
Yes 
Yes 

Yes N o  
Yes N o  
Yes N o  

Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
? 

Yes N o  
? N o  

Yes ? 
Yes No 
Yes No 

Yes Yes 
Yes ? 

Yes 
Yes 
Yes 
Yes 

Yes Yes 
Yes Yes 
Yes Yes 
Yes ? 

TABLE 6-7 

CARRIER SATISFIES GROSS REQM'T FOR: 
~~ 

ORBIT REMARKS 

Electrostatic Gyro OAO 
AOSO 

Yes 
Yes 

Yes Yes 
Yes I 1 Yes 

Cr i t i ca l  item is  watt-hour 
requirement. 

LOW-G 
Accelerometer 

Nimbus 
OGO 
Gemini 

Yes 
Yes 
Yes 

Stabi l izat ion i s  a major 
requirement. 

Gravity Gradient 
Sensor 

Nimbus 
OGO 
Gemini 

Yes 
Yes 
Yes 

Stabi l izat ion and master 
att i tude reference are 
crucial  items. 

Earth Horizon 
Def in i t ion and 
Horizon Sensor 
Accuracy 

Gemini 
Discoverer 
Apol lo 
Nimbus 
OGO 

N o  
Yes 
No 
Yes 
Yes 

Master att i tude reference 
is c r i t i ca l  requirement. 
Manned vehicle may permit 
experiment simpli f icat ion. 

Star Characteristics 
and Star Recognition 

OAO 
AOSO 

Yes 
Yes 

Manned vehic le may permif 
experiment simp1 i f icat ion. 

Ion Attitude Sensing 
and Gyrocompassing 

Nimbus 
Gemini 
OGO 
Discoverer 

Yes 
N o  
Yes 
Yes 

Master att i tude reference 
for precision Gyrocompass 
not avai lable on these 
carriers. 

Nimbus 
OGO 

Yes 
Yes 

A number of other carriers 
are applicable. 

High Rel iabi l i ty  
Horizon Sensor 

power, data handling and storage, and telemetry functions. If these requirements 

:.annot be met, the advantages of the piggyback concept are greatly reduced by the 

increased weight, volume and complexity of the experiment support equipment. Due 

to insufficient data, it wes not possible to evaluate the carrier vehicle's capa- 

bility to provide these supporting functions. 

number of the vehicles cannot provkde the master attitude reference function. 

However, as seen In Table 6-7, a 

The 

worst case occurs when the experiment self-contained instrumentation and power sys- 

tem cause the package to be too large and heavy to go piggyback on the desired 

vehicle . 



6.4.2 Multiple Experiments - Piggyback - The second approach, multiple ex- 

periments piggyback, has the  advantage that  experiments with common requirements 

can share the same supporting subsystems such as a star tracker master reference, 

e l ec t r i ca l  power, data handling, telemetry, e tc .  

tegrating the experiment package with the carrier vehicle. 

The major disadvantage is i n  in- 

Candidate car r ie r  vehicles for  t h i s  approach include the Saturn IB and V, 

Gemini, Apollo, and Discoverer. 

could remain with the car r ie r  vehicle or it could be ejected and perform as a se l f -  

contained unit. 

approach is t o  remain with the ca r r i e r  vehicle since the vehicle s tab i l iza t ion  and 

possibly other supporting subsystems can be used. 

well  as payload mounting and field-of-view requirements are sure t o  be compromised 

f o r  some of the experiments. For example, i f  the experiment payload is  mounted i n  

the Saturn vehicle instrumentation compartment, present information implies a t o t a l  

mission duration on the order of days and a s tabi l izat ion duration on the order of 

hours. Additionally, with t h i s  mounting on Saturn, it is d i f f i c u l t  t o  conduct an 

experiment which has field-of-view requirements. One approach f o r  conducting ex- 

Once i n  orb i t ,  the multiple experiment package 

From the  viewpoint of payload cost and complexity, the preferred 

However, mission duration as 

periments on Saturn is  t o  incorporate those experiments which are of short  dura- 

t i o n  and which do not require orientation and a t t i t ude  reference measurements. 

Assuming t h i s  approach is  used, candidate Category A and B experiments f o r  Saturn 

include Gas Bearing Performance and Small Impulse Devices. 

could be designed specif ical ly  fo r  a Saturn payload. 

Other experiments 

6.4.3 Multiple Experiments - Special Vehicle - The th i rd  approach, multiple 

experiments on a special  vehicle, i s  quite similar t o  the second approach where the 

multiple experiments piggyback payload is ejected from the car r ie r  vehicle. 

major advantage i n  t h i s  approach i s  that the experiment payload designer does not 
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operate within the  constraints  im2osed by the c a r r i e r  vehicle on a piggyback pay- 

load, i.e., the  designer can optimize the payload t o  s a t i s f y  the  most desirable  ex- 

periment conditions. 

cost  for the  launch vehicle. 

6-6 a re  examples of experiments that might be conducted with the  two approaches, 

assuming a self-contained payload i s  used i n  each case. 

comst ible  with the Saturn vehicle as a piggyback while Group I1 requires a spec ia l  

launch vehicle such as Thor-Delta. 

O f  course, the  s i g n  f i can t  disadvantage is  the  addi t ional  

The multiple experbent  groups i l l u s t r a t e d  i n  Table 

In t h i s  table, Group I is 

6.5 Manned Vehicle Advantages - A single o r  multiple experiments package 

which remains w i t h  the  manned vehicle (Gemini, Apollo, Space Stat ion)  i s  a t t r a c t i v e  

because of the chance t o  use man's unique capabi l i t i es  i n  se t t i ng  up the  experiment. 

Additionally, the  t e s t  data can be recovered and, possibly, l imited experiment 

equipment such as op t i ca l  windows, e t c .  might be returned. A number of the  Cat- 

egory A experiments a re  qui te  complex, especial ly  those requiring precision star 

tracking from an earth-oriented vehicle. In these experiments, the use of man's 

a b i l i t y  to  recognize star pat terns  and ident i fy  spec i f ic  stars t o  point a star 

t racker  (or vehicle) would be a s igni f icant  s t ep  toward simplifying the  experiments. 

Another s ignif icant  contribution which man can make is in programming or  sequencing 

the  experiment, thus simplifying the  automatic programmer. 

plays, man can also re-program experiments or phases of an experiment when the  data 

obtained is questionable or  i s  obviously i n  e r ror .  

a general observer can be of s ign i f icant  value f o r  lrost of the  experiments. 

example, he can examine op t i ca l  surfaces and other equipment and a l s o  report  on 

time t o  acquire, cloud conditions, vehicle angular motion, etc. Additional study 

regard- the advantages and disadvantages of man is  needed pr ior  t o  recommending 

that specif ic  experiments be performed on a manned vehicle.  

Given appropriate d i s -  

Finally,  man's contribution as 

For 
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